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ABSTRACT
An understory vegetative succession study was conducted on the LSU Lee Memorial Forest 
near Bogalusa, Louisiana. Research blocks were established within fifteen-year-old 
overstocked loblolly pine {Pinus taeda) stands, in specific areas classified as with or without a 
history of prescribed burning for the current timber rotation. Silvicultural treatments involved 
precommercially thinning randomly selected blocks to various stand densities, along with the 
establishment o f unthinned control areas. Growth rates of residual trees were determined from 
tree diameter measurements, on all timbered plots. Bum-history areas received a further 
treatment, involving the mechanical destruction of all timber on specified areas, followed by 
site-preparation fires. These clearcut areas, representing initial secondary succession, were 
planted with one-year-old loblolly pine seedlings.
Control plots, application of various herbicide treatments, and the continued use of 
prescribed fire, were subtreatments made within timbered plots in bum-history areas.
Replanted areas received banding and spot-gun herbicide applications along with untreated 
areas to serve as controls.
The amount of available light, measured as photosynthetic active radiation (PAR), was 
determined annually, along with the composition and density of understory vegetation.
Successional changes in vegetation led to increases in the density of most plant taxa. 
Increases were most pronounced within clearcut and replanted areas, with the greatest 
disturbances. Herbicide treatments on clearcut plots lowered the density of most taxa in the 
Spring following herbicide application. Most plant taxa impacted by herbicide applications 
rebounded to greater densities the year following treatments.
Herbicide usage within timbered areas impacted understory vegetation to a lesser extent 
than within clearcut areas. Light levels within all timbered plots failed to reach the critical
XIV
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
Herbicide usage within timbered areas impacted understory vegetation to a lesser extent 
than within clearcut areas. Light levels within all timbered plots failed to reach the critical 
levels necessary for understory vegetation to be fully impacted by herbicides.
A history of prescribed fire suppression or use had a greater bearing on the composition and 
density of understory vegetation than the use of fire as an implemented treatment. Absence of 
abundant understory vegetation, along with greater numbers o f larger woody stems, were 
characteristic of no-bum-history areas.
The passage o f time was the single most important factor in determining the composition 
and density of understory vegetation on all areas.
XV
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INTRODUCTION
Succession refers to the changes observed in an ecological community following a 
perturbation that opens up a relatively large space (Connell and Slatyer 1977). Gutierrez et al. 
(1980), described ecological succession as a dynamic process whereby ecosystems evolve from 
extreme conditions to a state of equilibrium between the living community and its physical 
environment. Successions or seres, consist o f an initial or pioneer stage, one or more 
intermediate or developmental stages, and a final or climax stage.
The earliest successional studies described the sequence of plant species that successively 
invaded a site (Cooper 1913, Clements 1916), while more recent studies describe changes in 
other community characteristics such as biomass, productivity, and diversity.
Odum (1969), indicated that ecological succession could be defined in terms of three 
specific parameters. The mechanism was described as an orderly process of community 
development that was reasonably directional and therefore predictable. Succession resulted 
from modification of the physical environment by the community, causing it to be community 
controlled, even though the physical environment determined the pattern, rate of change, and 
often set limits as to how far development could go. Succession culminated in a stabilized 
ecosystem in which maximum biomass and symbiotic function between organisms were 
maintained per unit of available energy flow.
Drury and Nisbet (1973) stated that succession referred to observed sequences of vegetative 
associations or animal groups. These observed sequences occur in space and time and 
according to MacArthur and Connell (1966), each species alters the environment in such a way 
that it can no longer grow as successfully as others. The alteration of the environment is 
directional and it is possible to predict which species will replace others in the course of 
succession.
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Succession can be of two types. Primary succession occurs on sites not previously occupied 
by vegetation, while secondary succession occurs on sites previously occupied by vegetation. 
Tansley (1935) made a further distinction between autogenic succession in which successive 
changes are brought on the habitat by the action of the plants themselves, and allogenic 
succession in which changes are brought about by external factors. In some natural settings 
devoid of strong human interference, autogenic succession could play a major role in 
determining the plant composition on an area. The concept of manipulating resources on an 
area to achieve a desired goal, strongly suggest that allogenic succession is the most common 
successional type associated with land management.
Old field successional studies by Egler (1954) presented the two opposing hypotheses of 
“relay floristics”, where one floristic group relays the site to another until some relatively 
stable stage is reached, and “initial floristic composition” which relies on the assumption that 
the development of plants in the successional process begins from the accumulation of seeds 
and living roots present and accumulated on the site, up to the time of the disturbance, 
triggering the successional process. Relay floristics has merit in some long-term scenarios 
where a site, deficient in some nutritional aspect, might be improved by the growth of the 
preceding vegetation on the area. The classical successional changes involving jack pine 
(Firms banksiana)\ to red pine (Firms resinosa), to maples (Acer spp.), to Northern hardwoods 
(Quercus spp.) in the Lake States of the Northern United States, would fit this hypothesis. It is 
also possible that certain changes of this type can occur on a much smaller, undetectable scale 
over a much shorter time period, leading to successional vegetative changes on an area.
' The scientific nomenclature of plants follows Radford et al. (1968), with the exception of 
Firms banksiana and Finus resinosa, which follow Grimm (1983), Quercus obtusa and 
Vaccinium darrowi are from Brown (1945), Finus ponderosa is from Harlow and Harrar 
(1950), Chasmanthium laxum and Chasmanthium sessiliflorum follow Gould (1975), Fanicum 
acuminatum, and Tragia cordata, are from Clewell (1985), and Liatris pycnostachya follows 
Small (1933).
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In many cases, the growth and changes in vegetation on an area are due to the manipulation 
of species on a site with such land management practices as prescribed burning, herbicide 
application, thinning, and planting. These practices tend to accelerate the relay floristics 
concept while altering the site to such an extent that many species normally found under the 
“initial floristics” concept, never appear on a site.
Connell and Slatyer (1977) suggested three models to explain the successional process on an 
area. Facilitation models suggest that the introduction and growth of late arriving species on an 
area are dependent on earlier species which prepare the ground, thus facilitating colonization 
by later species. This is similar to the “relay floristics” hypothesis described by Egler (1954). 
Tolerance models suggest that a predictable sequence is produced by the existence of species 
that have evolved different strategies for exploiting resources. Later arriving species will be 
those able to tolerate lower resource levels than earlier ones. Inhibition models suggest that all 
species resist invasions by competitors. The first occupants in any successional process usurp 
space and resources and continue to exclude or inhibit later colonists until they themselves 
either die or become damaged, thus releasing the resources they held. It is only at this time that 
the later colonists are able to reach maturity. The inhibition concept seems to coincide with 
Egler's (1954) ideal of “initial floristic composition.” Size, longevity, and growth rate are 
often the criteria for vegetation to establish on an area. The rapid establishment and growth of 
grasses and forbs explains their initial appearance in many successional studies, while longer 
lived, larger sized tree species require the virtue of time before they can impact the 
successional process.
Succession results from the differential growth, survival, and dispersal of species adapted to 
grow at various times within a particular habitat. The correlation between stress tolerance, 
growth rate, life span, and dispersal are factors that determine successional processes on an
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area. Inferences on successional processes are usually taken from a temporal standpoint 
because it is, indeed, the factor of time which brings about the various successional stages. In 
many instances, however, investigators must look at spatial sequences on similar and adjacent 
sites to draw inferences on the long-term successional process.
Connell and Slatyer (1977) indicated that interactions with herbivores, predators, and 
pathogens are of critical importance to the course of succession. These studies suggest that 
succession goes beyond the ideal of competition between plants as being the major biological 
interaction.
Whatever the driving force behind a particular successional process, the phenomenon 
represents an on-going event in which plant components never reach a steady-state 
equilibrium. Under conditions such as these, succession would only be interrupted in situations 
where certain natural or human-induced activities occurred on an area. In many cases, these 
human-induced factors refer to land management activities such as the use of fire, herbicides 
and forest thinning which manipulate the successional process in such a way that a specific 
objective can be achieved.
The objectives of this study are to; investigate the changes in understory vegetation in 
regards to composition and density, determine changes in Pinus taeda growth as measured by 
dbh (diameter at 1.37 meters above the ground), and measure yearly changes in the amount of 
photosynthetic active radiation.
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SUCCESSIONAL TRENDS IN PLANT DIVERSITY
Within any plant population, the only assertion that can be made with certainty, is that its 
size will not remain constant (Pielou 1977). Grime (1979) classified changes in a plant 
community over time as one o f two types. Successional changes represented a progressive 
alteration in the structure and species composition of vegetation, while cyclical changes were 
described as similar vegetation re-occurring m the same placé at various times.
The framework of plant diversity on an area, as shaped by the successional process, is 
determined by a plant’s ability to compete for necessary resources. Goldberg and Werner 
(1983) stressed that since all plants use essentially the same resources for establishment, 
growth, and survival, all individuals in a plant community are potential competitors. The 
initiation of the successional process begins with competition for available space, and the 
winners represent the initial plant diversity on an area. These plants must often survive under 
conditions of low nutrient levels due to the inability of early successional vegetation to 
conserve what nutrients enter into the system. Vitousek and Reiners (1975) indicated that as 
biomass developed through the successional process, mechanisms became available to 
facilitate in the uptake of nutrients, along with the establishment of compartments or pools for 
elemental nutrient storage.
Plant diversity often increases to a certain value and then decreases toward the final stage of 
succession (Margalef 1968). In the later stages of succession, consistency of plant numbers is 
usually achieved because plant populations are not forced to reconstruct themselves rapidly, as 
they must do after drastic and extensive early successional destruction. Drury and Nisbet 
(1973), in an attempt to clarify the ecological significance of species changes in the course of 
successional sequences, established the following frame-work of ideals; (1) successional 
sequences are the result of a process of replacement of less successful by more successful
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communities, in which the more diverse communities are more successful; (2) Increases in 
species diversity are a reflection of later emergence into prominence of species present at the 
start as inconspicuous seeds and seedlings.
Most plant communities are composed of one or a few species termed the dominants which 
over-shadow all others in terms of their mass and biological activity. It is, however, the 
number of less numerous species that will ultimately determine the diversity or richness in a 
community (Whittaker 1965). Odum (1969) indicated that diversity and evenness are two 
components of any successional trend. Grubb (1977), stated that the regeneration and 
evolution of plant communities is what contributes to the species richness in that community. 
Diversity or variety of species, expressed as a species-number ratio or a species-area ratio, 
tends to increase during the early stages of community development while eveness among 
species present, tends to be affected by external stress factors (Odum 1969). Fire, chemicals, 
and available sunlight are factors influencing the distribution of various plant species on a site. 
Odum (1969) further stated that the direction of species diversity during succession depends on 
whether increases in potential niches resulting from increased biomass stratification exceeds 
the counter effects of increasing size and competition. Species variety, equability, and 
stratification are three aspects of diversity that are constantly changing during the successional 
process and their status at any point in the successional process depends upon the time of 
observance.
The importance of biodiversity has made the study of many less numerous and less 
noticeable plant species important factors to consider when any type of land management 
activity is performed on an area. Biodiversity is an indication of the richness of species, and it 
is measured as the number of different species in a sample of a standard size (Whittaker 1972). 
In many cases, the success of a plant species is determined by values such as cover, biomass, or 
density.
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Density, defined as the number of individuals per unit area, is often used to measure the 
amount of understory vegetation on a particular area. Lyons (1968) studied understory 
vegetative species composition in Montana, and he concluded that measurements taken in a 
variety of different ways could be converted to a common basis for comparison. Lyons (1968) 
pointed out the weakness of density measurements when applying them to large sample sizes. 
An average 25 percent accuracy level existed in density measurements taken from various 
sized sample plots and applied to determining the species composition over a large area.
A study conducted on Appalachian understories by Meier and Duffy (1992) investigated 
the understory plant diversity on nine old growth and nine second growth mesophyitic forests. 
One meter square quadrant plots were used to determine species richness and abundance on the 
area. The total number of species per plot was an index of species richness, while abundance 
was expressed by cover estimates. The results indicated that species richness and abundance in 
understory plant communities increased soon after initial disturbances but then decreased with 
age, and never returned to their original makeup. Understory succession in second growth 
forests (50 to 85 years old), resulted in only one-half the species richness and one third the 
understory cover in old growth forests. Richness and cover decreased with continued time due 
to the loss of early successional herbs as the canopy closed and light was reduced. In the long 
term, specific recovery rates for second growth forests depended on the type and intensity of 
disturbance on the area. Meier and Duffy (1992) suggested that even though cover and 
richness would continue to decline until older trees died, thus creating openings for new plants 
to become established, the seasonal climatic differences between now and the past might 
prevent complete recovery to the primary forest vegetation stage from ever occurring.
A similar study conducted in England (Peterken and Game 1984) compared understory 
vascular plant species in 89 old growth and second growth stands. Old growth stands were
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areas never harvested. Second growth stands were areas originally cut and cleared for pasture 
and then allowed to revert back to timber. Old growth stands had a richer species composition 
than second growth stands and the number of species present in the understory of the second 
growth stands were not found to increase with age. Previous land uses also influenced species 
richness and abundance within the second growth stands.
Studies conducted in Tennessee (Bratton 1976) looked at changes in understory herbaceous 
species based on differences in microsites within a forest stand. Species diversity changed 
within a sampled area due to microsite changes such as localized soil moisture gradients, 
structure of the canopy allowing varying amounts of light to reach the forest floor, and seasonal 
changes including differences in temperature and illumination. In order to get a more accurate 
picture concerning the plant species diversity in an area, Bratton (1976) suggested that 
sampling should occur in both early and late spring as well as early summer, because not all 
species were present throughout the year.
Covington (1981) reported that clearcutting negatively impacted the soil organic matter 
content within 14 northern hardwood stands. Important nutrients such as magnesium, 
potassium, and nitrogen, however, showed no successional pattern. Results suggested that 
specific site differences, brought about by varying amounts of nutrients and organic matter, 
play a major role in determining the type and amount of successional vegetation that occupies 
these open areas.
An early successional study in old fields of North Carolina (Steve 1990) found that the 
initial vegetative component established on an area was an important factor in determining 
what preceded in the successional chain. Many woody plant species did not survive on areas 
with high concentrations of herbaceous cover. Dry weather increased the overall mortality in 
all species and caused a greater variation in response of plant species to initial establishment.
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FIRE AND SUCCESSION:
Fire, an integral part o f many forest, shrub, and prairie-iand communities for centuries, has 
become a major factor in determining the rate and direction of plant succession. Few 
generalizations can be made concerning fire and plant succession due to the number of factors, 
in addition to the actual burning, that come into play. Ahlgren and Ahlgren (1960) found that 
burning produced higher post-fire soil temperatures, promoting vigorous regrowth of 
herbaceous vegetation. The effects of fire on soils are strongly dependent on pre-fire amounts 
o f organic matter and soil nutrients, in addition to fire temperature (Huston 1994). Fire 
dramatically alters conditions for seed germination and plant regeneration by increasing light 
availability at the soil surface.
Periodic fires and the subsequent plant succession that follows redirects nutrient cycling 
pathways and increases soil nutrient levels. Masters et al. (1993) found that nitrogen, calcium, 
and phosphorus in soils increased following a fire, leading to enhanced nutrient regimes and 
ecologically advantageous conditions for stand reinitiation and recovery. McKevlin and 
McKee (1986) found higher levels of nitrogen and phosphorus on soils burned each winter for 
33 years as compared to soils left unbumed over that time. After 32 weeks, soils exposed to 
long-term prescribed burning had not only higher nutrient levels, but higher biomass levels for 
Pinus taeda growing upon them. Similar studies by Hobbs and Schimel (1984) found that fire 
increased the rate of nitrogen mineralization, leading to increased nitrogen availability. Hobbs 
and Schimel (1984) concluded that the great majority of nitrogen mineralization was attributed 
to increased soil temperatures.
Prescribed fires in pine forests of South Carolina (Lewis 1974) increased the availability of 
soil calcium, magnesium, sodium, and potassium. Additional increases of nitrogen and 
phosphorus in the soil occurred as a result of increased microbial activity brought about by the 
elevated soil temperatures.
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Some studies have shown possible negative effects of fire on soil nutrient levels. Kodama 
and Van Lear (1980) found that significant quantities of nitrogen and phosphorus were lost 
from the forest floor during prescribed burning. Lower soil fertility levels persisted until 
precipitation on the area returned much of what had been lost. Boemer (1982) found that the 
ultimate impact of fire on the nutrient dynamics of an ecosystem was dependent on the 
proportion of above-ground biomass and nutrients prior to fire occurrence.
The impact of fire on the successional process ultimately results from the heat generated as 
the vegetative cover bums. Heat is not only determined by the amount of fuel, but also by the 
direction of the fire spread. In comparison to head-fires, back-fires generally bum hotter and 
produce their maximum temperature near the ground. Daubenmire (1968) found that foliage 
appeared earlier in the first post-bum seasons due to the warmer soils left blackened and 
unshaded by fire. In addition, the density of annuals is drastically but only temporarily reduced 
by fires occurring just prior to seed cast. Herbaceous vegetation either increased or decreased 
following a fire. Decreases resulted from fires occurring at inopportune times in relation to the 
plants phenology, or in a very dry climate.
Historically, fire has been considered a purely destructive agent of all plant species on a 
given area (Schwartz 1907). Studies by Chapman (1932) and Heyward (1939) demonstrated 
that fire is many times a facilitation to the establishment of certain vegetation on an area. This 
evidence for differential tolerance to fires, implicated fire as a selective mechanism in plant 
mortality and subsequently certain species were described as “fire tolerant” or “fire resistant”. 
Further studies by Garren (1943) and Le Houerou (1973) showed that the regeneration o f some 
plants was wholly dependent on fire. Species such as these were given the term “fire adapted” 
or pyrophytic. The advancement from “fire tolerant” to “fire adapted” plants has progressed
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further to include plants which possess traits that potentially contribute to fire frequency or 
intensity. According to Mount (1964), Jackson (1968), Mutch (1970), Biswell (1974), Spurr 
and Barnes (1980), and Williamson and Blake (1981), the description of “fire-facilitating or 
“fire retarding” was given to such plants. Many o f these terms used to describe a specific plant 
species with its association to fire have gone further to include plant traits, and successional 
stages, as well as entire plant communities.
Williamson and St. John (pers. comm., G.B. Williamson, Professor, Dept, of Plant Biology, 
Louisiana State University, Baton Rouge, Louisiana, Fall 1994) classified the various possible 
responses of a plant towards fire, according to the plants life history characteristics. Plants 
exposed to fire on a continual basis must manage to mature and reproduce under constant threat 
of pyrogenic conditions. These plants have developed either spatial or temporal escape 
mechanisms to fire. Spatial escape would be accomplished by maintaining growth-sensitive 
plant parts, such as terminal buds, well above the heat produced by flames, or underground. In 
whatever case, insulation by bark or soil is the key element in allowing the plant to survive. 
Temporal escape from fire requires that plants grow and reproduce in fire-free periods. In 
these situations, fire will usually kill the plant when it occurs, but some other stage such as 
dormant seeds in serotinous cones or in the soil, germinate after the fire and may grow to seed 
production status before another fire occurrence.
Williamson and St. John (pers. comm., G.B. Williamson, Professor, Dept, of Plant Biology, 
Louisiana State University, Baton Rouge, Louisiana, Fall 1994) described various plant 
responses to fire, based on specific traits of mature individuals of a particular plant species. 
“Adult-live” responses, characterize plants that escape fire injury by maintaining viable buds 
above the heat of the fire and can normally survive as adults. Many woody species, such as 
Pinus palustris, exhibit this type of escape mechanism. “Adult-resprout” response exemplifies
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plants whose above-ground stems and foliage are killed by fires but the plants maintain viable 
buds in an underground situation. Beadle (1940) and Whittaker (1961) found that the 
insulating effects of soil provided these underground plant parts with a means of fire escape. 
Many grasses, mc\\xà\ng Andropogon spp and Panicum spp, are characterized by this type 
response.
“Adult-die” responses are characteristic of plants killed and consumed by fires. The success 
of these type species depend upon viable, dormant seeds surviving fires and germinating after a 
fire. In most instances such as these, according to Williamson and St. John (pers. comm., G.B. 
Williamson, Professor, Dept, of Plant Biology, Louisiana State University, Baton Rouge, 
Louisiana, Fall 1994), seed protection from heat is insured through soil insulation.
Further characterization of the successional process due to fire involves fire frequency, fire 
intensity, and fire periodicity. Fire frequency involves mean number of fires per generation, 
while fire intensity involves the amount of heat produced by a given fire. According to Albini 
(1976), fire intensity is measured directly as heat release per unit line or unit area o f a flame 
front. Fire intensity was previously classified by Davis (1959) as either surface fire (those 
consuming surface fuels), or crown fires (those that consume standing fuels). To quantify fire 
intensity, the relationship between it and the particular plant species in question must be 
considered. A “surface fire” in a Pinus palustris stand is a “surface fire” to the older trees, but 
it represents a “crown fire” to understory plants. Fire periodicity is a long term value for the 
variance in the number of fires per generation (pers. comm., G.B. Williamson, Professor, Dept, 
of Plant Biology, Louisiana State University, Baton Rouge, Louisiana, Fall 1994).
Natural fires usually exhibit high values of only two of the three variables listed above.
Fuel production in a fire-prone environment is limited by the net productivity of the plants 
themselves and if fires bum frequently and periodically, as once occurred in many fire prone
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areas before human intervention, they will usually be o f a low intensity. An infrequent time 
interval between fires, resulting from many modem fîre-suppression activities, leads to large 
fuel buildups causing high intensity, devastating fires when they do occur.
The long history of natural fire occurrence in many plant communities is contrary to the 
view of succession as an orderly process of community development, operating in the absence 
of disturbances. In presettlement times many plant communities experienced fire at intervals 
whereby they adapted to fire disturbances. This long history of fire as a natural disturbance 
factor in such communities is important in understanding the successional process in the 
communities.
According to Platt (1984), fire suppression activities have a long-term effect on the structure 
and dynamics of plant communities. Suppression activities are not the only disruption in fire 
regimes associated with man. The shift from growing season to dormant season burning has 
caused profound changes in many ecological communities. Entire stands of Pinus palustris 
which once covered much of the Southeastern United States, have been replaced by Pinus 
taeda due primarily to the absence of summer burning. Lost in this timber type transaction was 
a vast understory plant and animal ecosystem that owed its existence to summer burning.
The establishment of exotic vegetation on areas has also changed fire regimes in some 
instances. In a study conducted by Zedler et al. (1983), the introduction of aggressive annual 
grasses caused shorter fire intervals due to the increased ability of this vegetative type to 
“carry” a fire. The cumulative effect of these repeated fires was a recession of certain 
chaparral shrubs and expansion of other plant communities capable of dispersing and 
establishing in chaparral thinned by repeated fire. Human activities can modify the regime of 
natural disturbances such as fire. Traditional theories o f fire-climax vegetation differ in these 
type situations where land management decisions have led to changes in the natural vegetative 
regimes.
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The effect of reoccurring natural disturbances is an integral part o f the dynamics of many 
communities (White 1979, Sousa 1984, White and Pickett 1985). White (1979) used the term 
“disturbance regime” as all disturbances operating in a given landscape. The key parameters of 
a disturbance regime involving fire included size and spatial distribution, frequency of 
occurrence, intensity, and predictability. The element of predictability was related to 
periodicity in fire occurrence.
Rebertus et al. (1993), studied the periodicity of fire occurrence in the Southeastern coastal 
plain, upland sandhill habitats, in stands of Quercus spp and Pinus palustris. Temporal 
variation in fire regimes was determined over three time fiâmes: millennia, resulting fi-om 
long-term climatic changes; decades to centuries, composing the lifespans of dominant plants 
in the flora; and variation in the season of fire occurrence. The study determined that the 
greater the variance in the fire regime, both within season and among years within decades, 
overstory dominance moved towards Quercus spp. relative to Pinus palustris. As periodicity 
of fires increased, however, the variations in fire regimes decreased, especially with growing 
season fires, causing Pinus palustris and its associated plant communities to comprise a greater 
porportion of the vegetation on the study area. Prescribed burning on managed lands in the 
South is much more predictable, with a lower variability of occurrence than natural fire 
regimes of the past. Plant successional trends in turn differ under these artificial burning 
regimes when compared to conditions of the past.
CHEMICAL EFFECTS ON PLANT SUCCESSION:
The increase in liability problems due to smoke related factors has led to the widespread use 
of chemicals in many areas of vegetation management. Herbicide usage has become especially 
popular in forest management operations in order to control the growth o f competing 
vegetation at some critical time in a stand’s development. Vegetation control often leads to
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profound differences in the understory composition of managed timber stands. The timing of 
chemical application along with the active ingredient of the material used are the two most 
important aspects of a chemical’s effect on understory plant composition and successional 
trends. Trade names along with the chemical formulation of herbicides mentioned in this 
report, are presented in Appendix A.
Increased growth and survival of established stands is the ultimate goal of most herbicide 
application programs. Fredericksen et al. (1991) found that herbicide use in six-year old Pinus 
taeda stands led to differential pine growth rates along with distinct communities of competing 
vegetation for treated and control plots. Herbicides influenced plant succession by reducing the 
amount of vegetation and increasing the relative abundance of certain herbicide resistant 
species.
The benefits of herbaceous vegetation reduction to increased growth in Pinits is well 
documented. Creighton et al. (1987) found that both broadcast and banded herbicide 
applications were equally effective in controlling competing vegetation. Increase in Pinus 
survival rates, however, were only associated with sites experiencing extremely high 
competition problems.
Nelson et al. (1981) found that pine seedling height response to weed control was 
significantly related to ground cover seven weeks after herbicide application, as well as weed 
biomass accumulation at the end of the growing season. Additional benefits of weed control 
were increased stand uniformity, positively impacting the utility of mechanized thinning 
operations; enhancement of early fertilization effects; thinnings at earlier ages; and maximum 
plantation production at wider planting spacings.
Zutter et al. (1987) reported increases in Pinus taeda seedling growth with decreases in 
weed cover or biomass as a result of greater availability of site resources, especially soil water.
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Vegetation changes later in the stand’s rotation resulted from herbicide applications applied 
during the first and second growing season. Increased Pinus development during this time 
resulted in greater site occupancy, further lowering the amount of light, water, and nutrients 
available for herbaceous weeds. Repeated herbicide treatments resulted in fewer herbaceous 
seeds found in the upper few centimeters of the soil surface.
Zutter et al. (1986) reported wide ranges of residual herbicide vegetation as a result of 
varying herbicide rates on stands of Pinus taeda. Within these ranges, soil moisture and first 
year height growth were negatively correlated with level of herbaceous vegetation. Stem 
diameters were more responsive than height growth to these levels of herbaceous vegetation 
and associated levels of soil moisture.
Ayers et al. (1987) reported increases in height growth of 1.4 and 1.3 feet respectfully as a 
result of single herbicide treatments on young stands of Pinus. Height growth in young pine 
plantations increased by 2.2 feet, 1.0 foot, and 1.3 feet, for high, medium, and low levels of 
herbicide treatments, respectively (Clason 1986).
Increased survival of young pines, in addition to increased growth rates, were reported by 
Metcalf (1986) where herbicide usage resulted in survival rates of 85 percent as compared to 
69 percent in untreated plots. This increased survival was strongly related to the availability of 
late growing season soil moisture. Higher survival rates of young pines were also reported by 
Neary et al. (1984) and Haywood and Tiarks (1990).
Sulfometuron and glyphostae herbicide usage are effective in young pine plantations to 
manipulate levels of herbaceous and woody vegetation (Cain and Mann 1978, Wu et al. 1983, 
Neary et al. 1984, Michael 1985, Teny et al. 1986, Wittwer et al. 1986, Bacon and Zedaker 
1987, Swindel et al. 1988, Shiver et al. 1990, Dougherty and Lowery 1991, and Busby 1992). 
Herbicides in these studies altered the competitive balance of early successional vegetation.
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Swindel et al. (1989) found that sulfometuron and glyphosate severely altered plant community 
structure by reducing plant species richness. Within five meter transects, species numbers were 
reduced from ten to two by herbicide usage.
Studies by Boyd and Freeman (1994) showed that in central Georgia, imazapyr, glyphosate, 
and hexazinone, did little to reduce the species richness and diversity of understory plant 
species for a period of seven years following application. Herbicide usage in this case simply 
shifted vegetative composition to other understory types during the duration of the seven-year 
study. Hurst et al. (1994) working in Mississippi, found no significant differences in plant 
species richness between mechanically site-prepared areas and areas treated with imazapyr. 
Measurements taken one and two years post site preparation showed that perennials made up 
the largest portion of the plants found on both treated areas.
Golden (1990) in Alabama showed that plantations of one-year-old Pinus taeda seedlings, 
when treated with Sulfameturon herbicide at 141 grams per hectare, experienced a 71 percent 
reduction in competing vegetation. The height, diameter, and survival of these seedlings were 
increased for two growing seasons. Pine survival, height, and diameter growth were negatively 
related to weed cover.
Neary et al. (1990) in Florida found that various herbicides, when used on newly established 
Pinus elliottii stands to control competing vegetation, resulted in an 80 - 85 percent species 
diversity reduction, and an increase in the number of sampled transects that were bare or 
supported pine plants only from 0 percent to 18 percent.
Other research conducted in Florida (Oppenheimer et al. 1989) indicated that the control of 
competing vegetation with herbicides on young pine stands resulted in average stand height 
increases of 7.1 percent, average basal area per tree increases of 18.4 percent, total volume 
growth increases of 13.2 percent and merchantable volume growth increases o f 15.2 percent.
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The use of any herbicide treatment for vegetation management will produce changes in 
plant successional trends. Ecosystem management involves the management of habitats in 
order to direct these successional trends toward desired future conditions. McMahon et al. 
(1994) listed six roles for herbicide treatments in ecosystem management: create and maintain 
desired habitats; create mixed and uneven-aged stands; restore damaged landscapes; control 
exotic, noxious, and poisonous plants; maintain recreational areas, trails, and scenic vistas; and 
manage rights-of-way for multiple use. In whatever the final goals are for an ecosystem 
management plan, herbicide usage will alter the vegetative component and life history of the 
plants on the area. In addition to direct alteration of the vegetation on an area by out-right 
removal, herbicides have the potential to cause lasting effects. McMahon et al. (1994) 
indicated that soil productivity can be altered with herbicides by the removal of selected 
vegetative components along with the establishment of nitrogen-fixing leguminous species.
The biggest concern with the use of herbicides in vegetation management is that 
successional trends have been an on-going process for thousands of years. Natural 
disturbances such as fire have been a part of this process on many areas. Chemical usage 
represents an un-natural manipulation and the effect on successional trends may require years 
o f examination before their impact can be fully understood.
THINNING EFFECTS ON PLANT SUCCESSION:
The opening of timbered stands greatly influences plant successional trends. This process 
has occurred naturally through the ages by way o f gaps produced by windfalls, fire, insects, 
diseases, lighting, etc. The initiation of the successional process often depends on these 
openings or clearings being produced. Without such events, succession is often left at the 
“climax stage” waiting for the inevitable change to occur.
Modem timber thinning techniques, based on residual basal areas or trees per acre, are a
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method of creating these same types of openings under controlled conditions. Land 
management objectives in these situations often involve the need for financial returns, 
improving the quality and growth potential of the residual stand, or directing the stand 
composition toward a preferred species. Benefits of increased stand growth as a result of 
thinning are well documented (Clason 1978 and 1989 and Glover et al. 1986). The changes 
that occur in the long-term successional trends to the overstory and understory plant 
communities are often overlooked when overstory removals are prescribed for a designated 
area.
Long-term successional studies on the Duke Forest in North Carolina (Peet and Christensen 
1980) found that after 50 years, overstory diversity was an important factor affecting the 
success or failure o f understory successional species. Successional plots in old fields 
previously under cultivation, illustrated that on areas seeded in with high pine densities, little 
additional vegetation was able to establish until tree mortality created openings for new 
vegetation to enter. After thinning of the pine overstory, natural mortality continued to occur 
due to the high ratio o f height to diameter growth, with the resultant tall thin trees susceptible 
to wind and ice damage. Paralleling these overstory changes, the study showed continued 
changes in understory biomass and diversity.
Anderson et al. (1969) in Wisconsin looked at understory vegetative responses in relation to 
differences in canopy openings. Different sized canopy openings affected the understory 
vegetation by changing light intensity and “throughfall” precipitation reaching the forest floor. 
Throughfall precipitation, defined as the amount of rainfall reaching the forest floor either 
directly or indirectly by runoff from above ground plant parts, was more of an influence on 
understory herbs than differences in light levels. The importance o f solar radiation, however, 
was evident in studies conducted by Grundy and Specht (1990). They found that plant species 
richness in the understory was related to solar radiation penetrating the overstory.
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McConnell and Smith (1965) found that thinning young pine stands led to significant 
changes in the understory vegetation. These researchers, working in Washington state, found 
an inverse relationship between overhead basal area and the density of understoiy plants. Pre­
thinned plots consisted of thick pine regeneration with a sparse understory of poorly growing 
shrubs and forbs. Treatment plots were thinned to 250, 135, and 77 trees per ac with a control 
plot of 2,827 trees per ac. Basal areas for the control plots were 93 square feet per acre with 
treatment basal areas 27,19, and 13 square feet per acre, respectively. The average canopy 
cover as measured with a spherical densiometer was 90 percent for the control plots and 35 
percent, 18 percent, and 13 percent for treatment plots. The relationship between understory 
yield and tree densities showed a significant difference between thinned and unthinned plots 
but no difference between levels of thinning. Ninety-five percent of the variance in understory 
yield was attributed to canopy closure. Understory yield was analyzed in terms of grasses, 
shrubs, and forbs. Shrubs were the only vegetative component that showed no significant 
increase due to thinning. In pine canopies maintained at or above 45 percent closure, forbs 
were the greatest understory producers. In pine canopies below 45 percent closure, grasses 
were the superior producers.
Similar studies conducted under Pinus palustris stands in South Alabama (Gaines et al. 
1954) looked at understory plant production in relation to several ecological factors. Herbage 
production decreased as basal area increased, with basal area accounting for 14 percent of the 
variation in herbage production. The presence of tree litter on the forest floor accounted for 21 
percent of the variation in herbage production. The distribution of trees within a stand 
influenced understory vegetative yield and composition. A single Pinus palustris tree, 7 to 14 
inches dbh, influenced the richness and abundance of understory plant species 6 to 8 ft. from
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the trunk, while a group of trees reduced richness and abundance 20 to 39 ft. from where they 
occurred.
Results of a study in the Missouri Ozarks (Ehrenreich and Crosby 1960) showed that most 
understory vegetative increases occurred when tree crown cover was reduced below 50 percent. 
Cleared areas produced 1,695 lbs. per ac. of understory vegetation whereas stands with 80 
percent or more crown cover produced only 250 lbs. per ac. As percent crown cover decreased, 
grasses accounted for practically all the increase in herbage production. Small increases in forb 
production occurred with decreases in crown cover. Species responded differently to changes 
in hardwood cover. Andropogon virginicus was the most abundant grass on the areas receiving 
the heaviest thinnings. Tephrosia virginiana remained constant on thinned and unthinned 
areas. Cassia fasciculata, Erechtites hieracifolia, and Solidago spp., increased in density as 
crown cover decreased. Desmodium spp. and Lespedeza spp. decreased in density as crown 
cover decreased.
A study in Southwestern South Dakota and Northeastern Wyoming (Pase 1958) 
demonstrated the significance of cover in influencing understory vegetative composition and 
quantity. Thirty-one 9.6 sq. ft sample areas were established to determine herbage production 
under immature stands of Pinus ponderosa. Herbage production ranged fi-om 40 lbs. per ac 
under 70 percent canopy cover to 2,155 lbs. per ac on clearcut areas. Grasses, forbs, and 
shrubs were 1726, 305, and 125 lbs. per ac., respectively, on clearcut areas and 25, 5, and 10 
lbs. per ac., respectively, under dense unthinned stands.
Understory vegetative yield studies in the Pinus taeda .Pinus echinata, upland hardwood 
forest type of Louisiana (Reed 1981) indicated that canopy cover greatly influenced understory 
vegetative yield. In a study conducted on the Catahoula District of the FCisatchie National 
Forest near Dry Prong, Louisiana during 1979 and 1980, canopy cover was the most significant
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variable affecting understory vegetative yield, followed by basal area. As basal area o f a 
particular stand type increased, the overhead canopy cover increased. Higher basal areas 
resulted in a greater number of tree crowns occupying an area, thus lowering the amount of 
sunlight reaching the forest floor. Quercus spp, Acer rubrum, m d Andropogon spp were the 
greatest contributors to understory yield during the study (Reed 1981).
Past research clearly indicates that the productivity of plant biomass in most forest stands 
will increase by the use of various levels of thinning, burning, and chemicals. Increases can be 
detected at a very young age as well as late into the rotation. The monetary cost of these 
practices is usually recouped by the increase in cellulose production. The cost associated with 
the impact on plant diversity and plant successional trends is usually much harder to perceive 
and in most instances cannot be realized during the short time span in which these management 
practices are designed to accomplish a speciflc objective within a timber rotation.
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DESCRIPTION OF THE STUDY AREA
The study area was located on the Louisiana State University Lee Memorial Forest, 
approximately 10 miles west of Bogalusa, Louisiana (Fig. I). Successional studies of this 
nature would ideally involve detailed accounts o f past history and use of the area. Limited 
records involving past conditions allow for only a general idea of historic vegetative conditions 
on the study area. Court records along with general knowledge from witnesses through the 
years, indicate that the entire 445.3-hectare (1,100-acre) School Forest was extensively 
“cutover” prior to its donation by the Great Southern Lumber Company to the Louisiana State 
University and Agricultural and Mechanical College. Records filed August 28, 1926 in the 
Washington Parish Courthouse in Franklinton, Louisiana, empowered the president of the 
Great Southern Lumber Company to “donate One Thousand (1,000) acres of Cutover land to 
the University of Louisiana, for use in connection with the School of Forestry of that 
University.” Following this transfer, no records were available indicating to what extent 
artificial plantings occurred on the School Forest, although natural regeneration to Pinm taeda 
was almost certainly the major contributor to the second growth forest which followed.
A separate study initiated in 1979 involved cutting and regenerating approximately 64.8 
hectares (160 acres) of this second growth timber on the School Forest (Langston 1981). The 
study areas, located at the site where I conducted the successional study reported on here, were 
divided into eight 8.09-hectare (20-acre) blocks and each was regenerated by either clearcutting 
and replanting, seedtree, or shelterwood. Prior to harvesting, Langston (1981) described the 
area as a mature 40-year-old pine stand with pine sawtimber volumes averaging 48.8 cubic 
meters per hectare (3,500 board feet per acre), and a site index of 27.4 meters (90 feet), at base 
age 50. The hardwood overstory was predominately composed of Quercus falcata wzx.falcata 
and Comus florida, while the understoiy was dominated by Ilex vomitoria. Ilex glabra, and
23
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Figure 1. Location of LSU Lee Memorial Forest (LMF), Washington Parish, Louisiana. The 
understory plant succession study reported on here was conducted at LMF from 
1992 throu^ 1994.
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Andropogon spp. According to Langston (1981) logging of the second growth timber was 
conducted from August to October of 1977. Immediately following the completion of logging 
operations, clearcut areas were mechanically prepared for replanting by roller-drum chopping 
and site-preparation bums. Artificially regenerated stands were hand-planted to Pinm taeda 
on a 2.4 meter by 2.4 meter (8 feet by 8 feet) spacing, Seedtree and shelterwood cuts were 
directly adjacent to the planted clearcut areas, allowing for natural regeneration to become 
established throughout Over the years, the initial stand has experienced heavy competition 
from the annual seeding of additional Pinus taeda. This process slowed through time as the 
midstory closed, preventing the regeneration of additional pines. Hardwoods became 
reestablished after the initial harvest cuts. These hardwoods, along with tremendously high 
pine stocking rates, produced stagnating conditions in the stand. Prior to prescribed fires which 
were initiated on portions of these 13-year-old stands in 1990, pine stocking rates were 
estimated to be over 4,940 stems per hectare (2,000 stems per acre). A second prescribed fire, 
implemented in 1992 when the stands had reached age 15, along with the on-going process of 
self-thinning, resulted in stand densities averaging 2,440 Pinus taeda stems per hectare (988 
stems per acre), prior to initial data collection.
The entire concept of this investigation in regards to overstory vegetation management, 
evolved around the initial attempt to reduce the competition within these 15-year-old stands to 
allow for increased diameter growth. When efforts were made in 1991 to commercially thin 
and clearcut these young stands to implement the present study plan, no forest utilization 
contractor was willing to undertake the operation. The small size of the stems to be removed 
was the biggest negative aspect circumventing our desired course of action. The long-term 
objective in clearcutting selected areas within these overstocked stands is to demonstrate that 
with a 13-year advantage in stand establishment, overstocked pine stands can be overtaken in
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terms of volume growth by newly established stands managed intensively to control 
interspecific and intraspecific competition.
Soil type throughout the study area consisted of a Ruston fine sandy loam. Average site 
index, measured on existing stands adjacent to the study area, was 23.8 meters at base age 50 
years. Recorded rainfall throughout the three year duration of the study were 188.85 
centimeters (73.65 inches), 167.44 centimeters (65.30 inches), and 148.23 centimeters (57.81 
inches), for the years 1992, 1993, and 1994 respectively (Table 1).
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Table I. Rainfall totals recorded at the Southern Natural Gas Pumping Station, 2 miles South 
of Franklinton, Louisiana. Values given are measured precipitation in centimeters, 
with inches indicated in parentheses. Understory Plant Succession Study,
LSU Lee Memorial Forest, Washington Parish, Louisiana, 1994.
MONTH YEAR AVERAGE
1992 1993 1994
January 28.92(11.28) 32.59(12.71) 14.00 (5.46) 25.18(9.82)
February 22J6  (8.72) 9.02 (3.52) 7.64(2.98) 13.00 (5.07)
March 17.46(6.81) 18.00 (7.02) 14.49 (5.65) 16.65 (6.49)
April 9.76 (3.81) 17.31(6.75) 12.36 (4.82) 13.14(5.12)
May 8.02(3.13) 8.13 (3.17) 10.54(4.11) 8.90 (3.47)
June 16.59 (6.47) 20.87 (8.14) 20.79(8.11) 19.42 (7.57)
July 14.26 (5.56) 12.79 (4.99) 19.13(7.46) 15.39 (6.00)
August 20.92 (8.16) 8.33 (3.25) 9.20(3.59) 12.82 (4.99)
September 8.05 (3.14) 7.33 (2.86) 3.18(1.24) 6.19(2.41)
October 5.49 (2.14) 17.85(6.96) 22.69 (8.85) 15.34 (5.98)
November 23.08 (9.00) 7.97 (3.11) 4.31(1.68) 11.79(4.59)
December 13.92 (5.43) 7.23 (2.82) 9.90 (3.86) 10.35(4.04)
TOTAL 188.85 (73.65) 148.23 (57.81) 167.44 (65.30) 168.17(65.59)
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METHODS AND PROCEDURE
The initial study plan involved the use of three 8.09-hectare (20-acre) blocks and one 6.07- 
hectare (15-acre) block (Fig. 2). The 6.07-hectare (15-acre) block, along with all additional 
plot layouts, were established with the use of a staff compass mounted on a Jacob’s staff 
(Fig.3). Plot boundaries were cleared with machetes for a width of approximately 1.22 meters 
(4 feet) and all plot comers were permanently marked with a 0.91 meter (3-foot) length of 
electrical metallic tubing (EMT) conduit. The three 8.09-hectare blocks were in an area 
designated as having a “bum- history”. This distinction was accredited the area due to the 
implementation of two prescribed fires during the dormant seasons in 1990 and 1992 when the 
stands were 13 and 15 years of age respectively. The one 6.07-hectare block was in an area 
that had received no prescribed bums during the current timber rotation, and was designated as 
having a “no-bum-history”. These blocks, serving as the repetitions for the respective areas 
with a bum and no-bum-history, were divided into equal sized 2.02-hectare (5-acre) treatment 
blocks. Four treatments were applied to each of the three 8.09-hectare blocks, while three 
treatments were implemented on the one 6.07-hectare block. The fifteen treatments were 
randomly assigned to their respective areas by use of a random numbers table. Treatments 
applied to the bum-history blocks were (1) precommercial thin to 494 trees per hectare (200 
trees per acre); (2) precommercial thin to 247 trees per hectare (100 trees per acre); (3) pre­
commercial tree removal and site-prep bum (Fig. 4 and Fig. 5), with Pinus taeda replanted on 
a 2.44-meter by 3.66-meter spacing ( 8 feet by 12 feet ); and (4) control with no implemented 
reduction in tree numbers. Treatments applied to the no-bum-history blocks were (1) pre­
commercial thin to 494 trees per hectare (200 trees per acre), (2) precommercial thin to 
247 trees per hectare (100 trees per acre), and (3) control with no implemented reduction in tree 
numbers. The precommercial clearcut on repetition three was removed from the study design.
29
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One 6.07-hectare 
no-bum-history 
treatment plot.
Three 8.09-hectare bum-history 
treatment plots
La. Hwy. 10
Figure 2. Location of treatment plots utilized in the Understory Plant Succession 
Study, LSU Lee Memorial Forest, Washington Parish,
Louisiana, 1992-1994.
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Figure 3. Research Associate Kevin Stilley using a staff compass to establish transect lines for 
plot boundaries. Understory Plant Succession Study, LSU Lee Memorial Forest, 
Washington Parish, Louisiana, 1992.
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Figure 4. Mechanical destruction of 2.02-hectare timbered block of Pinus taeda for 
establishment of clearcut treatment. Understory Plant Succession Study,
LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992.
Figure 5. The same 2.02 hectare block of mechanically destroyed Pinus taeda stand after a site 
preparation fire. Understory Plant Succession Study, LSU Lee Memorial Forest, 
Washington Parish, Louisiana, 1992.
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leaving fourteen 2.02-hectare (5-acre) treatment plots (eleven treatment blocks on the bum- 
histoty area and three treatment blocks on the no-bum-history area). Within each of the 
fourteen treatment blocks, six 0.10 hectare (one-fourth acre), subtreatment plots were 
established. Subtreatment plots within the nine bum-history timbered treatment blocks were 
established in a paired fashion (Fig. 6) with two plots receiving hexazinone herbicide at the rate 
of 9.34 liters per hectare (1 gallon per acre), on a 0.92 meter by 0.92 meter (3 feet by 3 feet) 
grid system. Two plots received prescribed bums in February of 1992 and 1994 (Fig. 7), while 
the remaining two plots served as a subtreatment control within each of the respective 
treatments. The six subtreatment plots established in each of the three treatment blocks on the 
no-bum-history area received no further treatments beyond the initial thinnings.
The two clearcut treatment blocks were each divided into six 0.10 hectare (one-fourth acre) 
subtreatment plots, established in a split plot design (Fig. 8). Two plots were banded with 
sulfameturon herbicide at the rate of 211.70 grams per hectare (3 ounces per acre) in a 1.22- 
meter (4-foot) band, equally spaced on each side of a planted row of 1-year-old Pinus taeda 
seedlings (Fig. 9). Two plots were banded with sulfameturon herbicide in the same manner as 
described above, with an additional application of hexazinone herbicide applied at the rate of 
9.34 liters per hectare (1 gallon per acre), on a 0.92 meter by 0.92 meter (3 feet by 3 feet) grid 
system. The remaining two plots received hexazinone herbicide in the same amount and by 
the same application procedure as described previously (Fig. 10). Paired subtreatment plots 
were randomly assigned their respective subtreatments by the use of a random numbers table.
Plot layout for the measurement of understory vegetation involved establishing five plot 
centers in all eighty-four 0.10 hectare (1/4 acre) subtreatment plots, along with an additional 
five plot centers, established as controls, in each of the four clearcut subtreatment plots where 
sulfameturon was banded. This experimental procedure led to the establishment of 440
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201.2 meters
100.6 meters
VELPAR VELPAR
FIRE FIRE
CONTROL CONTROL
Figure 6. Layout of 2.02-hectare timbered treatment plot in the bum-
history area, showing the three paired 0.10-hectare subtreatment 
plots (each subtreatment plot is 31.8 meters square), Understory 
Plant Succession Study, LSU Lee Memorial Forest, Washington 
Parish, Louisiana, 1992-1994.
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Figure 7. Matthew Reed assisting with a night-fire for implementation o f a prescribed bum 
treatment on a bum-history plot. Understory Plant Succession Study, LSU Lee 
Memorial Forest, Washington Parish, Louisiana, 1992.
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201.2 meters
100.6 meters
VELPAR VELPAR
CONTROL CONTROL
OUST OUST
VELPAR VELPAR
AND AND
OUST OUST
Figure 8. Layout of a 2.02-hectare clearcut treatment plot showing the three paired
0.10 hectare subtreatment plots (each subtreatment plot is 31.8 meters square), 
along with the location of control plots. Understory Plant Succession Study, 
LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
38
W .
Figure 9. Research Associate Kevin Stilley banding sulfometuron on I-year-old Pintjs taeda 
seedlings in clearcut plots, Understory Plant Succession Study, LSU Lee Memorial 
Forest, Washington Parish, Louisiana, 1992.
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Figure 10. Research Associate Kevin Stilley using a spot-gun application technique to apply 
hexazinone within a clearcut plot. Understory Plant Succession Study, LSU Lee 
Memorial Forest, Washington Parish, Louisiana, 1992.
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measurement plots. Layout of plot centers within the 84 subtreatment plots began at the 
northwest comer of each subtreatment plot. From this point, a hand-held compass was used to 
run a bearing due east for 15.24 meters. This distance represented the approximate center of 
each subtreatment plot. From this location, a sample line was paced through the subtreatment 
plot, with plot centers established along this line at 6 .10-meter (20-foot) intervals, until five 
plots were established. The five plot centers, serving as controls within the clearcut and 
replant treatments, were established on the north boundary line of each 0.10 hectare (one-fourth 
acre) subtreatment plot where sulfameturon was banded. Plot centers were permanently 
marked with a blue, 0.91-meter (3-foot) length of electrical metallic tubing (EMT) conduit 1.3 
centimeters (0.5 inches) in diameter (Fig. 11).
MEASUREMENT OF UNDERSTORY VEGETATION:
The measurement of understory vegetation was conducted during the Spring and Fall of 
1992, 1993, and 1994. Spring sampling dates began on May 15th of each year and concluded 
no later than June 15th. Summer sampling dates began on July 15th of each year and 
concluded no later than August 15th. The 440 permanently marked plots, each centered within 
a 1.22-meter (4-foot) square sampling area, were sampled 6 times during the three-year study, 
comprising 2,640 individual measurements. Plot size was determined according to the width 
of the herbicide band used. A 1.22-meter (4-foot) band was decided upon as the silvicultural 
treatment best suited to reduce vegetative competition on the newly established pine 
plantations. In order to quantify the initial effects o f this banded herbicide treatment, as well 
as the long-term impact on plant succession, all measurement plots established in areas treated 
as such, were placed within a herbicide banded row. Standardization of sampling procedures 
led to 1.22 meters square (4 feet square) plots as the area sampled under all treatments. This 
plot size generally followed recommendations of Boyer (1959) that plot sizes involving
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Figure 11. Plot center location (blue stake) with a sampling frame delineating one fourth o f the 
area sampled for a particular plot. Understory Plant Succession Study, LSU Lee 
Memorial Forest, Washington Parish, Louisiana, 1992.
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understory vegetative sampling, although varying for specific objectives, should always be 
small enough to allow investigators to “see” the entire plot. This criterion was followed in all 
instances except where “layering” of vegetation required taxa to be sampled in strata.
Composition and density of vascular plant species less than 10.25 centimeters (4 inches) 
dbh and less than 1.83 meters (6 feet) were recorded. Taxa were recorded to species, where 
possible, and density was recorded as a count of the number of individuals of a particular taxon 
present within the plot Density counts for most taxa was a time consuming method of 
recording species abundance. This procedure was used over the more traditional method of 
assigning a cover value to each taxon. Bryan and Wentworth (1988) indicated that plant 
biomass determination was one of the best methods for determining competitive interactions 
with successional vegetation on an area. Drawbacks to this method are the laborious and time 
consuming process of drying and weighing plant specimens, in addition to the destructive 
sampling process that many times are not conducive with long term study objectives.
Limitations on determining in some instances what constituted an individual, as well as the 
time involved, were overlooked due to the overall accuracy that density counts produced in 
determining species numbers. Individuals of Poaceae and Cyperaceae represented the only real 
problem when attempting to count individuals on a measurement plot These taxa in most 
instances occurred in clumps, making the identification of genetically different individuals 
difficult. The policy on measuring the density of these individuals involved counting each 
“clump” as a different individual. Various woody plants were encountered with multiple 
stems, either from stump sprouts, or sprouting from underground stems. In these 
circumstances, each taxon was counted as a density of one individual, unless a determination 
could be made that the various stems were indeed arising from a genetically different 
individual. One hundred and eighty-six taxa were recorded on the 440 sample plots during the 
three-year study (Appendix B).
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
43
MEASUREMENT OF OVERSTORY VEGETATION:
Following initial plot layouts in November and December 1991, timber was marked in all 
treatment plots where a reduction in tree numbers was necessary. This procedure involved 
using orange tree marking paint and a hand held counter to mark and tally individual pine 
stems. The minimum criterion to be met before a stem could be marked was that it had to be a 
least 10.25 centimeters (4 inches) dbh and greater than 1.83 meters (6 feet) in height. Average 
dbh’s of the Pinus taeda stems marked in these 14-year-old stands was estimated at 12.8 
centimeters.
(5 Inches). One thousand stems were marked in each of the four 494 trees per hectare (200 
trees per acre) plots, while 500 stems were marked in each o f the four 247 trees per hectare 
(100 trees per acre) plots. In tliese removals, a crown thinning was employed in an effort to 
leave dominate trees in the stand, along with an attempt to provide proper spacing among 
residuals. Following these markings, the majority of the remaining trees in the stand were 
destroyed by using a combination of 3 parts farm diesel fuel to 1 part 17.1 percent picloram, 
applied as a basal bark treatment. This procedure involved the use of backpack sprayers to 
soak approximately one-half to two-thirds of the circumference of each stem until runoff was 
achieved (Fig. 12). Remaining stems were destroyed by using a 5.4 percent solution of 
picloram by a surface cut treatment, “hack-and-squirt” method. Overstory measurements 
were conducted within the two 0.10 hectare ( one-fourth acre) subtreatment plots set up within 
the larger treatment blocks. All marked stems, constituting the residual trees in these smaller 
plots, were consecutively marked with a numbered aluminum tag and yearly diameter 
measurements were recorded in January and February of 1993, 1994, and 1995 to follow 
changes in tree growth for the 1992,1993, and 1994 growing seasons.
The tagging of overstory trees in the four 2.02-hectare (5-acre) timbered control plots 
followed the same procedure as described above. The assumption was made that no stems less
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Figure 12. The author using a back-pack sprayer to apply a 17.1 percent triclopyr solution of 
picloram with diesel fuel as a carrier (basal bark treatment), Understory Plant 
Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992.
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than 10.25 centimeters (4 inches) would contribute to the long term volume gains of the stand. 
Trees in these diameter classes were always destroyed in the timbered treatment plots and were 
not tagged when found to occur in the timbered control plots.
MEASUREMENT OF PHQTQSYNTHEUC ACTIVE RADIATION:
The amount of light, measured as photosynthetic active radiation (PAR), was recorded 
yearly (1992, 1993, and 1994) at each plot with a sunfleck ceptometer (Fig. 13). Readings 
were recorded between July 1 and August 1 on the first available cloud-ffee to partly cloudy 
day. When partly cloudy conditions occurred, caution was taken to assure that all readings 
were recorded when full sunlight was present overhead. Regardless of cloud cover, readings 
began no earlier than 12:00 noon and ended no later than 2:00 P.M. each day. Base readings 
were secured from an open area in full sunlight at the start o f each measurement period. The 
base reading served as a reference measurement from which all light readings at each plot 
could be recorded as a percentage of total PAR. Attainment of initial PAR readings at each 
plot involved placing the 0.91-meter (3-foot) sensor rod of the sunfleck ceptometer in four 
compass directions (north, south, east and west) around the marked plot center. Light readings 
were recorded at a height of 0.61 meters (2 feet) above the ground at all four locations around 
the plot center. The average of these four readings, based on a percentage of the total PAR 
measured for that day, was recorded as the light reading for a particular plot.
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Figure 13. Ceptometer positioned at a plot center for measurement of photosynthetic active 
radiation (PAR), Understory Plant Succession Study, LSU Lee Memorial Forest, 
Washington Parish, Louisiana, 1992.
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STATISTICAL ANALYSIS OF DATA
UNDERSTORY VEGETATION:
Initial steps in statistical analysis o f understory data involved determining the average 
density and variance of each plant taxon within each repetition and treatment, subtreatment, 
season, and year. Due to the number o f possible scenarios of occurrence for each taxon, many 
taxa failed to occur in sample sizes large enough to yield a strong statistical analysis. Species 
of a common genus were, therefore, grouped together for further data analysis followed by a 
determination of the number of times a  taxon occurred within a situation of repetition, 
treatment, subtreatment, season and year. The only exception made in combining species 
within a common genus for data analysis was with the genus Rhus. The attainment of tree 
stature by Rhus copallina, was the reason for separating it out for data analysis from the woody 
vine Rhus radicans and the shrub Rhus toxicodendron.
The sampling scheme which placed five sampling points within each paired subtreatment 
led to a maximum possibility of 10 occurrences for each taxon within each sampling scenario 
in the bum-history areas. The absence of subtreatments in the no-bum- history areas led to the 
possibility of a maximum of 30 occurrences for each taxon in these situations. Several taxa, 
represented by individual species on the sample plots, in addition to Magnolia spp and 
Paspalum spp, occurred in very low numbers. Table 2 contains a listing of the number of times 
a taxon occurred within a particular situation of repetition, treatment, subtreatment, season, and 
year. This listing is given for the bum-history area, indicating that for each occurrence, a taxon 
occurred at least once over a given set of ten plots, for a specific set of parameters as stated 
above. An arbitrary decision was made to perform further data analysis on only those taxa that 
occurred an average of ten times over each of the treatment categories. Taxa with a total 
occurrence rate of less than 40 (Table 2) were, therefore, not considered to be o f enough 
significance to warrant further data analysis.
47
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Table 2. Plant taxon occurrence by treatments on bum-history plots, (TPH = trees per hectare). Maximum number of possible “ 10-plot 
situations” were 54 for the 247 TPH, 494 TPH, and control. The maximum possible occurrence on clearcut plots was 48. 
Understory Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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Scientific Name Common Name Taxon Occurrence for a Particular 10-plot situation of Repetition, 
Subtreatment, Season, and Year. Bum history-plots.
247 TPH 494 TPH Clearcut Control TOTAL
Acer rubrum red maple 39 41 7 32 119
Acalypha virginica three-seeded mercury 8 9 32 11 60
Aletris aurea colic root 0 0 2 0 2
Ambrosia artemsiifolia ragweed 4 2 24 3 33
Amelanchier arborea serviceberry 6 0 0 0 6
Ampélopsis arborea pepper-vine 0 0 0 6 6
Andropogon spp broomsedges 35 36 39 52 162
Anisostichus capreolata crossvine 0 0 1 9 10
Aralia spinosa devil’s-walkingstick 0 4 0 0 4
Aristolochia serpentaria birthwort 25 18 3 32 78
Aronia arbutifolia red chokeberry 13 12 9 15 49
Asimina triloba pawpaw 1 7 0 6 14
Aster spp aster 22 15 48 31 116
Athyrium asplenioides southern lady fern 6 1 0 0 7
Baccharis halimifolia winterwillow 0 1 9 1 11
Berchemia scandens rattan 20 1 0 11 32
Botrychium virginianum grapefem 8 4 2 4 18
Caliicarpa americana French mulberry 46 46 12 49 153
Carya spp hickories 12 15 21 5 53
Cassia fasciculata partridgepea 14 13 11 25 63
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Scientific Name Common Name Taxon Occurrence for a Particular 10-plot situation of Repetition, 
Subtreatment, Season, and Year. Bum-history plots.
247 TPH 494 TPH Clearcut Control TOTAL
Castanea pumila chinquapin 1 6 0 0 7
Ceanothus americanus New Jersey tea 0 0 24 17 41
Centella asiatica centella 0 0 0 3 3
Centrosema virginianum butterfly pea 1 I 0 5 7
Chasmanthium spp. chasmanthium 7 14 0 1 22
Cnidulosus stimulosus Texas bullnettle 0 8 5 8 21
Collinsonia canadensis mint 0 17 0 12 29
Coreopsis major tickseed 8 4 0 17 29
Comus florida flowering dogwood 28 25 5 46 104
Crataegus spp hawthorn 0 0 2 5 7
Crotaloria purshii rattlepod 0 0 15 1 16
Croton capitatus goatweed 0 0 2 0 2
Ctenium aromaticum toothache grass 0 0 1 0 1
Cyperus spp sedge 28 33 19 18 98
Desmodium spp begger-tick 13 12 35 30 90
Dioda spp buttonweed 5 7 12 14 38
Dioscorea villosa wild yam 7 8 0 0 15
Diospyros virginiana persimmon 37 28 41 31 137
Elephantopus tomentosus elephants foot 15 6 12 29 62
Erechtites hieracifolia fireweed 0 0 2 0 2
Erythrina herbacea Eastern coral-bean 0 0 0 11 11
Eupatorium spp throughwort 33 42 47 46 168
Euphorbia corollata spurge 42 43 35 49 169
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Scientific Name Common Name Taxon Occurrence for a Particular 10-plot situation of Repetition, 
Subtreatment, Season, and Year. Bum-history plots.
247 TPH 494 TPH Clearcut Control TOTAL
Galium spp bedstraw 12 12 22 31 77
Geisemium sempervirens yellow jessamine 43 48 28 54 173
Geranium carolinianum cranesbill 0 0 1 3 4
Gnaphalium spp cudweed 25 32 41 27 125
Habenaria nivea snowy orchid 3 0 0 2 5
Helianthus spp sunflower 20 8 23 20 71
Heterotheca graminifolia silk-grass 9 1 22 23 55
Hexastylis arifolia wild ginger 5 0 0 0 5
Hypericum spp Hypericum 36 33 40 52 161
Ilex spp holly 51 54 48 54 207
Ipomoea pandurata wild potato vine I 0 0 5 6
Juncus sp. rush 0 0 0 1 1
Lactuca sp. wild lettuce 0 3 0 0 3
Lechea villosa pinweed 0 0 4 0 4
Lespedeza spp lespedezas 32 17 43 38 130
Liatris spp blazing star 13 2 27 19 61
Ligustrum sinense common privet 21 20 0 14 55
Liquidambar styraciflua sweetgum 30 35 40 30 135
Liriodendron tulipifera yellow-poplar 4 8 0 5 17
Lobelia puberula pale lobelia 20 12 19 20 71
Lonicerajaponica Japanese honeysuckle 0 5 0 0 5
Ludwigia altemifolia winged-fruit ludwigia 0 0 1 1 2
Lygodium japonicum Japanese climbing fern 22 28 5 13 68
Magnolia spp magnolia and sweetbay 5 1 6 7 19
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Scientific Name Common Name Taxon Occurrence for a Particular 10-plot situation of Repetition, 
Subtreatment, Season, and Year. Bum-history plots
247 TPH 494 TPH Clearcut Control TOTAL
Malaxis unifoiia green adder’s mouth orchid 0 0 1 2 3
Maius angustifolia southern crabapple 3 1 8 2 14
Mecardonia acuminata black-on-drying 3 7 11 5 26
Melothria pendula creeping cucumber 10 3 0 5 18
Mikania scandens climbing hempweed 0 0 3 0 3
Mitchella repens partridgeberry 42 41 9 36 128
Morus rubra red mulberry 3 0 0 0 3
Myrica spp waxmyrtle 45 20 29 36 130
Nyssa sylvatica blackgum 12 0 6 12 30
Oldenlandia boscii oldenlandia 0 0 4 0 4
Osmanthus americanus devilwood 1 0 0 6 7
Oxalis spp wood sorrel 25 20 31 31 107
Oxydendrum arboreum sourwood 5 14 1 6 26
Panicum spp panicum 52 54 48 53 207
Parthenocissus quinquefolia Virginia creeper 35 41 27 40 143
Paspalum spp paspalum 0 2 0 7 9
Passiflora lutea yellow passion flower 0 1 1 0 2
Persea borbonia red bay 8 0 7 6 21
Physalis angulata Chinese lantern 2 0 2 0 4
Phytolacca americana polkweed 0 0 4 0 4
Pinus spp pine 41 41 43 54 179
Plantago spp plantain 0 0 7 2 9
Poaceae grass 6 3 34 5 48
Polygala nana candyroot 21 29 33 19 102
(table con’d.) Ln
CD
" D
O
Q.
C
g
Q.
■D
CD
C /)
C /)
8
ci'
3
3 "
CD
CD■D
O
Q.
C
a
O3
"O
O
CD
Q.
■D
CD
C /)
C /)
Scientific Name Common Name Taxon Occurrence fora Particular 10-plot situation of Repetition, 
Subtreatment, Season, and Year. Bum-history plots.
247 TPH 494 TPH Clearcut Control Total
Polypremium procumbens polypremium 5 8 12 11 36
Prunus serotina black cherry 30 31 13 33 107
Pteridium aquilinum bracken fern 6 13 6 4 29
Pycnanthemum muticum horse mint 21 8 8 15 52
Pyrrhopappus carolinianus false dandelion 0 0 2 0 2
Quercus spp oak 44 45 20 45 154
Rhexia alifanus meadow-beauty 0 0 1 0 1
Rhus copallina winged sumac 21 12 30 41 104
Rhus spp poison oak, poison ivy 53 31 37 54 175
Rhynchosia reniformis dollar plant 0 3 2 14 19
Rubus spp blackberry, dewberry 54 47 48 54 203
Rudbeckia hirta black-eyed susan 0 0 1 0 1
Ruellia caroliniensis wild petunia 0 6 0 2 8
Sambucus canadensis elderberry 0 0 2 0 2
Sanicula canadensis snakeroot 9 10 7 9 35
Sassafras albidum sassafras 26 30 39 30 125
Schrankia microphylla sensitive brier 7 0 6 7 20
Scuttellaria elliptica skullcap 13 6 0 16 35
Smilax spp greenbrier 53 54 43 54 204
Solanum carolinense horse-nettle 5 0 12 5 22
Solidago spp goldenrod 6 2 31 6 45
Sonchus asper sow-thistle 1 0 2 2 5
Stellaria media chickweed 30 32 28 31 121
Stylosanthes biflora pencil flower 28 12 29 45 114
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Scientific Name Common Name Taxon Occurrence for a Particular 10-plot situation of Repetition, 
Subtreatment, Season, and Year. Bum-history plots.
247 TPH 494 TPH Clearcut Control Total
Symplocos tinctoria sweetleaf 3 2 0 0 5
Tephrosia spp goats rue 10 1 23 27 61
Tragia cordata tragia 24 31 24 44 123
Vaccinium spp huckleberry 42 48 35 51 176
Viburnum dentatum arrow-wood 4 21 0 7 32
Vicia angustifolia vetch 0 0 1 0 1
Viola spp violet 35 21 36 37 129
Vitus spp muscadine, wild grape 47 34 30 43 154
CD"O
O
Q.
C
a
O3
"O
O
CD
Q.
■D
CD
C/)
C /)
Uiw
54
Taxon density was the key component of the Analysis of Variance used to determine 
differences within the various treatments, subtreatments, seasons, and years. The experimental 
approach to analyze these differences involved four separate statistical models. The analysis of 
variance tables for these models are presented in Appendix C. Model one tested the differences 
between various treatments and subtreatments on the densities of selected plant taxa on 
timbered bum-history plots. Model two tested the differences between subtreatments on the 
density of selected plant taxa in clearcut plots. Model three tested the differences in the density 
o f selected plant taxa between clearcut and timbered plots on the bum-history area. Model four 
tested differences in the density of selected plant taxa between treatments on the bum-history 
and no- bum-history area. Comparisons were made on only those treatments and 
subtreatments that the selected area or areas had in common.
The statistical analysis on the timbered plots with a bum history (Model 1), was a 
randomized block design in which the error term for the stocking rate was based on the 
variability among the treatments within the blocks. The subtreatments (bum, velpar, or 
control) were a split plot with the error term being the interactions of the subtreatment and the 
blocks. Season is treated as a repeated measure and the error term for the seasons and season 
by stocking rate are the pooled interaction terms season and blocks. The final term tested is the 
subtreatment by season by stocking rate. The error term for this is the-pooled interaction term 
which includes season, subtreatment and block. The same model describes the analysis for the 
comparisons of oust and control subtreatments among the clearcut and the three timbered plots 
with a bum-history (Model 3).
Comparison among the clearcut plots for oust, velpar, oust-velpar, and control (Model 2) 
used the block by subtreatment as the error term. Season is again a repeated measure with the 
interactions including season by block as the error term.
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Model 4 compared the timbered plots with a history of burning to those unbumed for the 
current rotation. The treatments were the various stocking rates and the block by treatment 
interaction was the appropriate error term. Season is a repeated measure and the error term is 
the pooled season by block interactions.
Further study of the differences in plant densities and interaction terms for each model 
was performed by an analysis of the mean number of plant taxa associated with each 
interaction term in the model where significance was originally detected.
OVERSTORY VEGETATION:
Overstory measurements were conducted on Pinvs taeda, the only pine species found on 
the study area. The few hardwoods greater than 10.25 centimeters (4 inches) dbh, occurred 
only as scattered individuals and when encountered were chemically destroyed. Statistical 
analysis for overstory data revolved around differences in stem diameters between the various 
treatments applied. .Analysis was done separately for the bum-history and no-bum-history 
areas, considering both treatment levels within years and years within treatment levels. A 
general comparison of diameter differences was determined by calculating average diameter, 
standard deviation, and standard error for the bum-history and no-bum history areas. A 
Duncan’s Multiple Range test for the variable mean diameter was performed on the bum- 
history and no-bum-history areas. In all calculations, only those trees surviving through the 
three data collection periods were used for diameter determinations. This procedure allowed 
for a constant sample size for determining diameter growth during 1992, 1993, and 1994. 
PHOTOSYNTHETIC ACTIVE RADIATION:
The average amount of photosynthetic active radiation (PAR) occurring at each sample plot, 
measured as a percentage of total available PAR obtained from a standardized base reading, 
was the basis for statistical measurements on light availability. Standard deviations and
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standard errors were calculated for average available light by treatment and year, for the bum- 
history and no-bum-history areas. In these calculations, as was the case with diameter 
readings, subtreatments were not considered to be of enough significance to warrant an 
independent investigation. A Duncan’s Multiple Range test was performed on light availability 
for treatment levels by year and years by treatment levels, for the bum-history and no-bum- 
history areas.
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RESULTS AND DISCUSSION
UNDERSTORY VEGETATION:
One hundred and eighty-six taxa were recorded on the measurement plots representing 167 
taxa recorded to the species level, 18 identified to Genus, and grasses (Poaceae) represented the 
only taxon that in some sampling situations could only be identified to Family. In 5 instances 
taxa were recorded to the Genus level only, due to my inability to recognize species within the 
Genus. This occurred in Cyperus, Juncus, Lactuca, Oxalis, and Rubus. All other recorded 
genera had in some sampling instances individuals that were identified to the species level. 
Ninety-four genera were represented by individual species on the measurement plots. In 28 
genera more than one species was identified. Eight species of Quercus recorded throughout the 
measurement plots made it the the most abundant genus in terms of the number o f species it 
represented. The frequency and abundance of all taxa, grouped for data analysis, are presented 
in Table 3. Results are representative of the bum-history area for a specific ten-plot situation 
o f repetition, treatment, subtreatment, season, and year. Given the preceding possibilities, a 
maximum frequency of 54 occurrences were possible in 100 trees per acre, 200 trees per acre, 
and control plots, while clearcut plots had a maximum occurrence rate o f 48, due to the 
presence of only two repetitions for this treatment. Average abundance figures presented in 
Table 3 are also over a ten plot situation. Aster spp., Geisemium sempervirens. Ilex spp., 
Panicum spp., Pinus spp., Rhus spp., Rubus spp., and Smilax spp. were taxa that occurred at a 
frequency rate of 100% for at least one treatment over a specific set of ten plots. Taxa 
occurring at abundance levels averaging 10 or more individuals per plot for at least one 
treatment were Aster spp., Gnaphalium spp., and Panicum spp.
Appendix D contains significance values for the various variables and variable interactions 
for the first three models employed. Appendix E contains significance values for comparing 
differences in understory vegetative yield between the bum-history and no-bum-history plots.
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Table 3. Frequency and abundance of plant taxa by treatments on bum-history plots for a specific 10-plot situation 
of repetition, subtreatment, season, and year, (TPH = trees per hectare, CC = clearcut). Understory Plant 
Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
CD
8
c5'
3
CD
Cp.
3 "
CD
0■o
1ca
o
3
■o
o
&
%
C/)Ç2
o'
3
Scientific Name FREQUENCY (%) ABUNDANCE
247 TPH 494 TPH CC CONTROL 247 TPH 494 TPH CC CONTROL
Acalphya virginica 15 17 67 20 2.8 3.9 9.1 7.8
Acer rubrum 72 76 14 59 4.1 2.1 3.7 3.4
Aletris aurea 0 0 4 0 0 0 1.0 0
Ambrosia artemisiifolia 7 4 50 6 2.2 1.0 4.9 14.0
Ampélopsis arborea 0 0 0 10 0 0 0 1.0
Andropogon spp 65 67 81 96 62.5 15.7 84.8 77.8
Anisostichus capreolata 0 0 2 17 0 0 1.0 2.0
Aralia spinosa 0 7 0 0 0 1.8 0 0
Aristolochia serpentaria 46 33 6 59 2.6 1.6 1.7 2.5
Aronia arbutifolia 24 22 19 28 4.3 2.8 3.0 5.2
Asimina triloba 2 13 0 11 1.0 7.3 0 1.0
Aster spp. 41 28 100 57 4.5 19.4 228.0 9.1
Athyrium asplenioides 11 2 0 0 2.2 1.0 0 0
Baccharis halimifolia 0 2 19 2 0 1.0 2.8 1.0
Berchemia scandens 37 2 0 20 1.6 1.0 0 1.9
Botrychium virginianum 15 4 4 9 1.0 2.5 1.0 1.2
Callicarpa americana 85 85 25 91 7.1 10.7 3.7 2.6
Carya tomentosa 22 28 44 9 1.5 1.4 1.3 1.4
Cassia fasciculate 26 24 23 46 1.9 1.5 2.3 4.6
Castanea pumila 0 11 0 0 0 1.0 0 0
Ceanothus americanus 0 0 50 31 0 0 6.7 3.0
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Scientific Name FREQUENCY (%) ABUNDANCE
247 TPH 494 TPH CC CONTROL 247 TPH 494 TPH CC CONTROL
Centella asiatica 0 0 0 6 0 0 0 1.0
Centrosema virginianum 2 2 0 9 1.0 1.0 0 1.2
Chasmanthium spp. 13 26 0 2 1.8 6.6 0 1.0
Cnidoscolus stimulosus 0 15 10 15 0 1.5 1.2 1.8
Coilinsonia canadensis 0 32 0 22 0 31.5 0 21.7
Coreopsis major 15 7 0 31 12.8 2.5 0 1.9
Comus florida 52 46 10 85 5.2 4.2 1.0 2.8
Crataegus marshallii 0 0 4 9 0 0 1.0 1.4
Crotaloria spectabilis 0 0 31 2 0 0 2.5 2.0
Croton capitatus 0 0 2 0 0 0 1.0 0
Ctenium aromaticum 0 0 2 0 0 0 2.0 0
Cyperus spp. 52 61 40 33 2.7 6.0 5.0 4.0
Desmodium spp. 24 22 73 56 1.2 1.0 5.7 5.1
Diodia spp. 9 13 25 26 1.2 3.4 7.8 2.5
Dioscorea villosa 13 15 0 0 2.8 3.1 0 0
Diospyros virginiana 68 52 85 57 4.9 3.6 2.1 1.5
Elephantopus tomentosus 28 11 25 54 3.7 2.2 4.3 3.7
Erechtites hieracifolia 0 0 4 0 0 0 5.5 0
Eiythrina herbacea 0 0 0 20 0 0 0 1.8
Eupatorium spp. 61 78 98 85 10.2 8.7 51.6 7.5
Euphorbia corollata 78 80 73 91 4.8 3.9 7.3 6.3
Galium spp. 22 22 46 57 2.4 2.8 5.0 4.2
Gelsemium sempervirens 80 89 58 100 23.6 20.7 7.5 64.6
Geranium carolinianum 0 0 2 6 0 0 2.0 2.7
Gnaphalium spp. 46 59 85 50 7.7 12.7 114.4 9.3
Habenaria nivea 6 0 0 4 2.3 0 0 2.0
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Scientific Name FREQUENCY (%) ABUNDANCE
247 TPH 494 TPH CC CONTROL 247 TPH 494 TPH CC CONTROL
Helianthus floridanus 37 15 48 37 5.5 2.1 8.1 11.5
Heterotheca graminifolia 17 2 46 42 1.6 1.0 4.2 3.4
Hexastylis arifolia 9 0 0 0 4.0 0 0 0
Houston ia procumbens 56 59 58 57 11.2 8.9 10.1 9.4
Hypericum spp. 67 61 83 96 6.2 9.4 5.8 6.5
Ilex spp. 94 100 100 100 12.7 15.9 10.1 24.4
Ipomoea pandurata 2 0 0 9 4.0 0 0 1.8
Juncus spp. 0 0 0 2 0 0 0 1.0
Lactuca spp. 0 6 0 0 0 1.0 0 0
Lechea villosa 0 0 8 0 0 0 5.0 0
Lespedeza spp. 59 31 90 70 4.9 2.9 12.2 8.8
Liatris spp. 24 4 56 35 9.7 1.5 3.8 8.1
Ligustrum sinense 39 37 0 26 1.1 1.8 0 1.1
Liquidambar styraciflua 56 65 83 56 5.9 2.9 5.1 4.5
Liriodendron tulipifera 7 15 0 9 1.0 1.2 0 1.0
Lobelia puberula 37 22 40 37 6.0 2.2 9.1 8.8
Lonicerajaponica 0 9 0 0 0 5.2 0 0
Ludwigia altemifolia 0 0 2 2 0 0 1.0 1.0
Lygodium japonicum 41 52 10 24 3.0 3.8 1.0 4.2
Magnolia spp. 9 2 12 13 1.0 1.0 1.0 2.1
Malaxis unifolia 0 0 2 4 0 0 1.0 1.0
Malus angustifolia 6 2 17 4 1.7 2.0 2.2 2.5
Mecardonia acuminata 6 13 23 9 1.0 2.1 11.4 3.0
Melothria pendula 18 6 0 9 1.9 1.0 0 1.6
Mikania scandens 0 0 6 0 0 0 3.0 0
Mitchella repens 78 76 19 67 22.1 3.9 6.7 22.4
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Scientific Name FREQUENCY (%) ABUNDANCE
247 TPH 494 TPH CC CONTROL 247 TPH 494 TPH CC CONTROL
Morns rubra 6 0 0 0 1.0 0 0 0
Myrica spp. 83 37 60 67 2.8 1.3 3.3 7.6
Nyssa sylvatica var syivatica 22 0 12 22 3.7 0 1.8 3.8
Oldenlandia boscii 0 0 8 0 0 0 8.2 0
Osmanthus americana 2 0 0 11 1.0 0 0 1.0
Oxaiis spp. 46 37 64 57 5.3 4.6 10.2 6.4
Oxydendrum arboreum 9 26 2 11 1.2 1.0 2.0 4.2
Panicum spp. 96 100 100 98 187.5 138.0 271.4 132.2
Parthenocissus quinquefolia 65 76 56 74 13.5 10.7 5.6 8.0
Paspalum spp. 0 4 0 13 0 3.0 0 6.6
Passiflora lutea 0 2 2 0 0 1.0 1.0 0
Persea borbonia 15 0 15 11 2.1 0 1.0 1.2
Physalis angulata 4 0 4 0 1.0 0 1.0 0
Phytolacca americana 0 0 8 0 0 0 4.5 0
Pinus spp. 76 76 90 100 5.5 5.6 11.4 9.9
Plantage spp, 0 0 15 4 0 0 7.8 23.5
Poaceae 11 6 71 9 16.8 27.7 45.9 3.2
Polygala nana 39 54 69 35 5.5 4.0 16.4 3.7
Polypremum procumbens 9 15 25 20 19.6 5.5 10.8 4.0
Prunus serotina 56 57 27 61 1.3 1.8 1.0 2.2
Pteridium aquilinum 11 24 12 7 38.5 33.5 20.5 2.2
Pycnanthemum muticum 39 15 17 28 5.4 5.5 6.4 3.7
Pyrrhopappus carolinianus 0 0 4 0 0 0 1.0 0
Quercus spp. 81 83 42 83 2.9 2.2 3.0 2.3
Rhexia alifanus 0 0 2 0 0 0 1.0 0
Rhus copallina 39 22 62 76 2.7 2.8 3.7 3.6
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Scientific Name FREQUENCY (%) ABUNDANCE
247 TPH 494 TPH CC CONTROL 247 TPH 494 TPH CC CONTROL
Rhus spp. 98 57 77 100 17.7 4.6 5.3 10.2
Rhynchosia reniformis 0 6 4 26 0 2.3 1.5 4.1
Rubus spp. 100 87 100 100 24.9 18.0 34.3 49.9
Rudbeckia hirta 0 0 2 0 0 0 2.0 0
Ruellia caroliniensis 0 11 0 4 0 1.7 0 1.5
Sambucus canadensis 0 0 4 0 0 0 1.0 0
Sanicula canadensis 17 18 15 17 6.9 7.6 1.9 5.9
Sassafras albidum 48 56 81 56 1.4 1.5 1.9 1.7
Schrankia microphylia 13 0 12 13 1.0 0 3.2 1.0
Scutellaria elliptica 24 11 0 30 4.2 3.0 0 1.6
Smilax spp. 98 100 90 100 29.5 14.4 8.5 20.2
Solanum caroiinense 9 0 25 9 1.8 0 1.6 1.6
Solidago spp. 11 4 65 11 1.7 1.5 13.2 5.3
Sonchus asper 2 0 4 4 1.0 0 1.0 1.5
Stylosanthes biflora 52 22 60 83 16.4 1.4 36.2 15.8
Symplocos tinctoria 6 4 0 0 3.3 1.0 0 0
Tephrosia spp. 18 2 48 50 9.8 1.0 5.8 3.1
Tragia cordata 44 57 50 81 6.9 3.6 2.8 4.0
Vaccinium spp. 78 89 73 94 14.8 5.1 20.2 17.4
Viburnum dentatum 7 39 0 13 1.0 2.3 0 1.0
Vicia angustifolia 0 0 2 0 0 0 2.0 0
Viola spp. 65 39 75 68 9.1 5.4 45.3 7.7
Vitis spp. 87 63 62 80 6.5 8.0 2.8 6.6
8
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These statistical tests were performed on 54 taxa, meeting the specified frequency of 
occurrence parameters. Herbaceous plants comprised the majority of this number, making up 
37 taxa or 68.5 percent of the total number of taxa occurring in great enough numbers to meet 
the established criteria for statistical analysis. Woody plants represented 17 taxa or 31.5 
percent of this total. Three taxa, Andropogon spp, Heterotheca ^ am inifolia, and Stylosanthes 
biflora, contained no significant variables or variable interactions. No single trend was 
representative o f all taxa encountered on the sample plots nor did any single taxon conform in 
the same manner to any one particular interaction across models analyzed. Results and 
discussions are based upon general trends apparent when all possible treatments, subtreatments, 
seasons, and years were compared to the various taxa analyzed. Density measurements 
representing differences in understory vegetative yield are based on the average number of 
individuals of a taxon present on a sample plot.
Bum-History Timbered Plots: Herbaceous and Woody Vegetation;
Differences in understory vegetation and interactions associated with various treatments, 
subtreatment, seasons and years, represented by the timbered plots in the bum-history area 
were analyzed, with all treatment and subtreatment terms applicable. Nine taxa contained no 
significant differences between any of the variables analyzed. Differences associated with 
year by treatment by subtreatment, year by subtreatment, and year alone, represented the 
greatest number of variables where a significance was detected. In 26, 15, and 24 taxa 
respectively, year by treatment by subtreatment, year by subtreatment, and year alone, showed 
significant differences at the 95 percent confidence level. Taxa represented by these individuals 
showed significant fluctuations in numbers due to the effects o f the various treatments and 
subtreatments on the timbered bum-history plots.
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Herbaceous vegetation in the bum-history timbered plots, when viewed across all treatments 
and subtreatments, tended to increase in density througli time. This trend is exemplified in 
Aristolochia serpentaria, Elephantopus tomentosus, Eupatorium spp., Lygodium Japonicum, 
Poaceae, and Rhus spp. (Fig. 14).
Hexazinone treatment effects in some instances effectively controlled certain species only 
during the initial sampling period. Results of a year by season interaction term presented for 
Aster spp., Oxaiis spp., and Panicum spp. (Fig. 15) illustrate this situation. Aster spp. showed 
an immediate post-herbicide density o f  0.1 individuals per plot. This number increased to 0.9 
individuals per plot in 1993. Numbers o f Aster spp. leveled off in 1994 averaging 0.4 
individuals per plot. Densities of Oxaiis spp., were about 0.1 individuals per plot during the 
Spring of 1992. This density doubled to 0.2 individuals per plot during the following Fall 
sampling period. Densities progressively increased during 1992 and 1993 with slightly greater 
numbers present during the Spring sampling period of each year.
Following herbicide application. Spring 1992 densities of Panicum spp. were about 6 
individuals per plot, increasing to 18 individuals per plot the following Fail. Densities 
remained high during 1993 and 1994 with slight changes between Spring and Fall.
Rubus spp. and Tragia cordata (Fig. 16) showed significant density increases over time. 
Treatment by year interaction terms for these taxa, indicated that some treatments yielded 
greater changes than others. Hexazinone subtreatment plots for Rubus spp. and Tragia cordata 
in 1992 had the lowest vegetation densities, followed by control and prescribed burned plots of 
the same year. All subtreatment plots rebounded to yield greater densities in 1993, with a 
characteristic further increase in 1994.
Significant differences in plant density for a year by treatment by subtreatment interaction 
occurred in several taxa within bum-history timbered plots. Smilax spp. (Fig. 17) showed its 
greatest densities in 100 trees per acre and control treatments under control subtreatments.
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Figure 14. Herbaceous vegetation in bum-history timbered plots, analyzed across all
treatments and subtreatments, increased in density through time. Density is 
expressed as the average number of individuals per 1.22 meters-square. 
Understory Plant Succession Study, LSU Lee Memorial Forest, Washington 
Parish, Louisiana, 1992-1994. (figure con’d.)
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Figure 15. Herbaceous vegetation in bum-history timbered plots (year by season interactions) 
was effectively controlled during initial sampling period with hexazinone 
treatments. Density is expressed as the average number of individuals per 1.22 
meters-square. Understory Plant Succession Study, LSU Lee Memorial Forest, 
Washington Parish, Louisiana, 1992-1994.
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Figure 16. Herbaceous vegetation in bum-histoiy timbered plots (year by subtreatment
interactions). Density is expressed as the average number of individuals per 1.22 
meters-square. Understory Plant Succession Study, LSU Lee Memorial Forest, 
Washington Parish, Louisiana, 1992-1994.
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Figure 17. Occurrence o îSmilax spp. in bum-history timbered plots (year by treatment by subtreatment interaction). Density is expressed as
the average number of individuals per 1.22 meters-square and TPH = trees per hectare. Understory Plant Succession Study,
LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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while 494 trees per hectare treatments had the greatest densities under prescribed burning 
subtreatments.
In Cassia fasciculata control treatments yielded the greatest plant densities across all 
applicable subtreatments (Fig. 18). Plots thinned to 247 and 494 trees per hectare had their 
lowest recorded densities within hexazinone subtreatment plots, followed by significant 
increases in control subtreatment and prescribed burned subtreatment plots, respectively.
Ceanothus americanus was absent from all plots disturbed by thinning treatments 
throughout the three-year study. Control plots, however, showed significant numbers of this 
taxon across all subtreatments (Fig. 19). With the exception of hexazinone treated plots, 
Ceanothus americanus again showed a characteristic increase in numbers through time. 
Thinned plots yielded significantly lower amounts of Gelsemium sempervirens than control 
plots, regardless of the subtreatment applied (Fig. 20).
A trend evident from several taxa, where a year by treatment by subtreatment interaction 
occurred, was the tendency for plant densities in control areas to be more stable over time. 
Hypericum spp. showed this greater consistency in plant numbers across subtreatments in 
control plots (Fig. 21). Plots thinned to 247 and 494 trees per hectare varied greatly across 
hexazinone, control, and prescribed burned plots.
Desmodium spp. and Gnaphalium spp. were examples of taxa demonstrating the effects of 
prescribed fire on plant densities (Fig. 22). In control treatments, Desmodium spp., showed 
density increases significantly greater on prescribed burned plots than either hexazinone or 
control subtreatment plots. Initial prescribed bums in 1992 caused no significant increases in 
Gnaphalium spp. Following 1994 bums, however, densities of Gnaphalium more than doubled 
above any values previously recorded.
In many instances, significantly greater plant numbers occurred on control treatment plots 
than 247 or 494 trees per hectare treatment plots. This situation is evident in the above
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Figure 18. Occurrence of Cassia fasciculata in bum-history timbered plots (year by treatment by subtreatment interaction). Density is
expressed as the average number of individuals per 1.22 meters-square and TPH = trees per hectare. Understory Plant
Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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Figure 19. Occurrence of Ceanothus americanus in bum-history timbered plots (year by treatment by subtreatment interaction). Density is
expressed as the average number of individuals per 1.22 meters-square and TPH = trees per hectare. Understory Plant
Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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Figure 20. Occurrence of Gelsemium sempervirens in burn-history timbered plots (year by treatment by subtreatment interaction).
Density is expressed as the average number of individuals per 1.22 meters-square and TPH = trees per hectare. Understory
Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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Figure 21. Occurrence of Hypericum spp., in burn-history timbered plots (indicating greater stability of densities in control plots).
Density is expressed as the average number of individuals per 1.22 meters-square and TPH = trees per hectare.
Understory Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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examples for Cassia fasciculata, Ceanothus americanus, Desmodium spp, Gelsemium
sempervirens, and in Figure 23, for Rubus spp. The method I used to precommerically thin
large numbers of unwanted stems (chemical application) probably affected the type and density
of understory vegetation on many precommerically thinned treatment plots. Runoff of excess
chemical from bark to soil was almost surely the source of the problem. The necessity to apply
<#
large amounts of diesel fuel, in mixture with picloram, to relatively small areas, for thiiming 
was the only available option short of the labor intensive method of mechanically severing each 
unwanted stem.
The trend most evident among many woody plant taxa in the bum-history plots was the 
increase in density of individuals over time. This scenario occurred in Prunus serotina, 
Callicarpa americana. Ilex spp., Myrica spp., and Vitis spp. (Fig. 24). Several woody plant 
taxa, which showed significant differences for a year by treatment by subtreatment interaction 
in the bum-history timbered plots, showed negligible changes in density from 1992 to 1993, 
while experiencing significant gains in 1994 across all treatments and subtreatments. This 
situation, found in Pima spp. (Fig. 25) and Comus florida (Fig. 26), indicate the delay that 
sometimes occurs in the successional process before increased plant densities begin to express 
themselves.
Aronia arbutifolia (Fig. 27) was the only taxon completely absent from prescribed bumed 
plots for tlie entire study. This species increased with time on control plots and those treated 
with hexazinone.
Clearcut and Replanted Plots: Herbaceous and Woody Vegetation;
Clearcutting and replanting was the only treatment analyzed in this situation. With the 
exception of Rhus copallina and Callicarpa americana, all taxa with significant differences in 
understory plant numbers analyzed with this model were represented by herbaceous species.
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Figure 23. Occurrence of Rubvs spp. in bum-history timbered plots. Density is expressed as 
the average number of individuals per 1.22 meters-square and TPH = trees per 
hectare. Understory Plant Succession Study, LSU Lee Memorial Forest, 
Washington Parish, Louisiana, 1992-1994.
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Figure 24. Occurrence of woody vegetation in bum-history timbered plots, analyzed across 
all treatments and subtreatments, increased in density through time. Density is 
expressed as the average number of individuals per 1.22 meters-square. 
Understory Plant Succession Study, LSU Lee Memorial Forest, Washington 
Parish, Louisiana, 1992-1994. (figure con’d.)
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Figure 25. Occurrence of Pinus spp, in bum-history timbered plots (year by treatment by subtreatment interaction). Density is
expressed as the average number of individuals per 1.22 meters-square and TPH = trees per hectare. Understory Plant
Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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Figure 26. Occurrence of Cornus florida in bum-history timbered plots (year by treatment by subtreatment interaction). Density is
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Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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Figure 27. Occurrence of Aronia arbutifolia in bum-history timbered plots (year by 
subtreatment interaction). Density is expressed as the average number of 
individuals per 1.22 meters-square. Understory Plant Succession Study, 
LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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Increases in the density of plant taxa over the three years of data collection were the most 
noticeable trend within clearcut areas. Cassia fasciculata, Hypericum spp.. Polygala nana, and 
Tragia cordata (Fig. 28) exemplified this process due to either an increase in numbers as a 
progression of the successional process or an overall susceptibility to the initial application of 
herbicide subtreatments.
Several taxa exemplified characteristically low to high density measurements from 1992 to 
1993, with a slight adjustment downward in 1994. This situation, found in Aster spp., 
Gnaphalium spp., and Mitchella repens (Fig. 29), could be an over-production following initial 
suppression by the herbicide subtreatments, or weather factors influencing vegetative 
production prior to measurement.
Low density levels in 1992 across chemical and control subtreatments were the most 
noticeable trend involving taxa showing a significant year by subtreatment interaction in 
clearcut plots. This situation, found in Ceanotims americanus, Eupatorium spp., Rhus spp., and 
Solidago spp. (Fig. 30), seemed to indicate that chemical subtreatments had no effect on 
lowering plant numbers. Control subtreatment plots contained low densities o f many plant taxa 
as well, but for a different reason. Densities of Poaceae, as illustrated by Panician spp. (Fig. 
31), had tremendous initial gains on control plots when left without herbicide control in open 
clearcuts. This group of taxa usurped the growing space of many herbaceous plants that were 
initially controlled by herbicides on the chemically treated plots. Reduction in the numbers of 
Poaceae taxa, along with the short-term effect of the herbicides used, allowed most herbaceous 
plants to begin gaining in numbers by the second year.
Significant subtreatment interactions were found in Pinvs spp. and Smilax spp. (Fig. 32).
The combination of Sulfameturon and Hexazinone effectively controlled the competitors of 
these two taxa, leading to the high densities in Pinus spp and Smilax spp.
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Figure 28. Herbaceous vegetation in clearcut and replanted areas, analyzed across all 
treatments and subtreatments, increased in density through time. Density is 
expressed as the average number of individuals per 1.22 meters-square. 
Understory Plant Succession Study, LSU Lee Memorial Forest, Washington 
Parish, Louisiana, 1992-1994. (figure con’d.)
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Figure 29. Herbaceous vegetation in clearcut and replanted areas, analyzed across all
treatments and subtreatments. Density is expressed as the average number of 
individuals per 1.22 meter-square sampling area. Understory Plant Succession 
Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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Figure 30. Herbaceous vegetation in clearcut and replanted areas (year by subtreatment
interaction). Density is expressed as the average number of individuals per 1.22 
meters-square. Understory Plant Succession Study, LSU Lee Memorial Forest, 
Washington Parish, Louisiana, 1992-1994. (figure con’d.)
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Figure 31. Occurrence of Panicum spp. in clearcut and replanted plots (year by subtreatment 
interaction). Density is expressed as the average number of individuals per 1.22 
meters-square. Understory Plant Succession Study, LSU Lee Memorial Forest, 
Washington Parish, Louisiana, 1992-1994.
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Figure 32. Occurrence o f Pinus spp. and Smilax spp. on clearcut and replanted plots, 
indicating subtreatment differences. Density is expressed as the average 
number of individuals per 1.22 meters-square. Understory Plant Succession 
Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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Bum-History_Timbered and Clearcut Plots: Herbaceous and Woodv Vegetation:
Plant densities influenced by a year by treatment by subtreatment interaction showed 
significant differences in 24 plant taxa when comparing clearcut and replanted plots vs. 
timbered plots on a bum-history area (Appendix D).
Trends in the density of understory vegetation varied widely across the majority of plant 
taxa regarding treatment, subtreatment, and year. Many taxa abundant at certain levels of 
thinning or with the presence or absence of hexazinone, shifted unpredictably from year to 
year. These results indicate that localized weather factors or specific microsite differences 
between plots with similar treatments and subtreatments may have caused density changes in 
many of the taxa analyzed. The most common trend appearing among the majority of taxa, 
was the tendency for density to increase over time, across all treatments and subtreatments. 
Houstonia procumbens. Polygala nana, and Rubas spp. (Fig. 33) were representative o f this 
trend, regardless of the applied treatment or subtreatment. Hexazinone application, the only 
herbicide subtreatment in common with both clearcut and bum-history timbered plots, seemed 
to show no overall effect on reducing vegetation densities. This stable situation remained 
across the three years of data collection. The only taxon found to be effected by hexazinone 
application was Vaccinium spp. (Fig. 34), a woody annual. In this species, hexazinone 
application lowered density in all treatments, with the exception of plots thinned to 494 trees 
per hectare.
Most taxa analyzed appeared in varying numbers across timbered and clearcut areas. 
Gelsemiian sempervirens (Fig. 35), was the only taxon that occurred in constantly lower 
numbers in clearcut plots, across the three years of data collection for year by treatment by 
subtreatment interactions and year by treatment by season interactions.
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Figure 33. Vegetation differences between burn-history timbered plots and clearcut plots (year by treatment by subtreatment 
interaction for Houstonia procumbens and Polygala nana\ year by treatment interaction for Ruhus spp.). Density 
is expressed as the average number of individuals per 1.22 meters-square and TPH = trees per hectare. Understory 
Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994. (figure con'd.)
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Figure 34. Vegetation differences between bum-history timbered plots and clearcut plots for Vaccinium spp. (year by treatment by 
subtreatment interaction). Density is expressed as the average number of individuals per 1.22 meters-square and 
TPH = trees per hectare. Understory Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 
1992-1994.
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Gelsemium sempervirens
DENSITY
a  1992
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247 TPH 494 TPH CLEARCUT CONTROL
TREATMENT 
(VELPAR SUBTREATMENT)
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TREATMENT 
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Figure 35. Vegetation differences between bum-history timbered plots and clearcut plots for 
Gelsemium sempervirens (year by treatment by subtreatment and year by 
treatment by season interaction). Density is expressed as the average number 
of individuals per 1.22 meters-square and TPH = trees per hectare. Understory 
Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, 
Louisiana, 1992-1994. (figure con’d.)
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Several taxa expressed stronger affinities for clearcut areas as opposed to timbered areas. 
Aster spp., Eupatorium spp., Poaceae, Oxalis spp., and Solidago spp. (Fig. 36) consistently 
yielded greater densities in clearcut treatments across all measurement years. Taxa following 
this same pattern with convincing yet not totally overwhelming results were Cary tomentosa, 
Ceanothus americanus, and Gnaphalium spp. (Fig. 37).
Bum-History and No-Bum-History Timbered Plots: Herbaceous and Woodv Vegetation:
The absence of repetitions for the treatments on the no-bum-history area, led to the use of an 
extremely small error term to test for differences in understory vegetation between the bum- 
history and no-bum-history. Fifteen of the 54 taxa analyzed showed significant differences 
within one or more of the interaction terms analyzed.
Larger woody plants were more common on the no-bum-history area. Woody taxa were 
predominately present on the bum-history area as re-sprouts from rootstocks. The tops of these 
taxa had been continually killed-back by the history of fire. Woody taxa of this nature were 
counted in the same manner as the larger individuals in the no-bum-history plots. This led to 
fewer density differences between woody taxa among the two areas than what might be 
expected from the manner in which fire controls hardwood competition in stands of Pinus.
Acerrubrum, Hex spp., and Quercus spp. were woody vegetation effectively controlled over 
time by the use of prescribed fire (Fig. 38). Thinning and prescribed fire controlled Acer 
rubrum through three years of data collection. Hex spp. and Quercus spp. showed significant 
differences in their respective yields, by the absence or use of fire, with a year by treatment 
interaction.
Mitchella repens (Fig. 39) represented the only herbaceous taxon to show a strong affinity 
for sites without a bum-history. Other herbaceous taxa indicating significant differences 
between bum and no-bum-history, tended to benefit from the long-term use of prescribed fire.
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Figure 36. Vegetation differences between bum-history timbered plots and clearcut plots 
(year by treatment by season interaction (or Aster spp. and Oxalis spp.; year 
by treatment by subtreatment interaction for Poaceae and Solidago spp.; year 
by treatment and season by treatment interaction for Eupatorium spp.). Density 
is expressed as the average number of individuals per 1.22 meters-square 
and TPH = trees per hectare. Understory Plant Succession Study, LSU 
Lee Memorial Forest, Washington Parish, Louisiana, 1992 - 1994.
(Figure con’d.)
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Figure 37. Vegetation differences between bum-history timbered plots and clearcut plots (year 
by treatment by subtreatment interaction for Carya tomentosa, year by treatment 
interaction for Ceanothus americanus', season by treatment and year by treatment 
by subtreatment interaction for Gnaphalium spp.). Density is expressed as the 
average number of individuals per 1.22 meters-square and TPH = trees per hectare. 
Understory Plant Succession Study, LSU Lee Memorial Forest, Washington 
Parish, Louisiana, 1992-1994. (figure con’d.)
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Acerrubrum
DENSITY 0J5 IBURN 
I NO-BURN
Acerrubrum
DENSITY
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247 TPH
IBURN 
I NO-BURN
494 TPH 
TREATMBJT
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Figure 38. Vegetation differences between bum-history and no-bum-history timbered plots
(year and treatment interactions fbrXcer rubrum and year by treatment interactions 
for Ilex spp. and Quercus spp.). Density is expressed as the average number of 
individuals per 1.22 meters-square and TPH = trees per hectare. Understory 
Plant Succession Study, LSU Lee Memorial Forest, Washington Parish,
Louisiana, 1992-1994. (figure con’d.)
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Figure 39. Vegetation differences between bum-history and no-bum-history plots for Mitchella repens (year by treatment interaction).
Density is expressed as the average number of individuals per 1.22 meters-square and TPH = trees per hectare. Understory
Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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This trend is represented by Gelsemium sempervirens for a year by treatment interaction; and 
Houstonia procumbens, Rubus spp., Rhus spp., and Smilax spp. by year alone (Fig. 40). 
OVERSTORY VEGETATION:
Timbered treatment plots requiring a reduction in tree numbers were thinned to exact 
numbers within the respective treatment areas. One-thousand stems were marked in 494 trees 
per hectare (200 trees per acre) plots, while 500 stems were marked in 247 trees per hectare 
(100 trees per acre) plots. The establishment of the paired 0.10 hectare (one-quarter acre) 
subtreatment plots, from which tree numbers and diameters were recorded, led to differences 
in the actual tree numbers in each timbered plot where thinning treatments were carried out. 
Within the bum-history plots, there was an average sample size of 59,101, and 103 for the 247 
trees per hectare (100 trees per acre), 494 trees per hectare (200 trees per acre), and control 
subtreatment plots respectively. Sample sizes for each treatment were based on averaging the 
number of trees that survived through three years of data collection, in each of the nine 0.20 
hectare (one-half acre) subtreatment plots.
The absence of subtreatments on the no-bum-history area did not preclude the establishment 
of three 0.20 hectare (one-half acre) plots within each treatment. This procedure equalized the 
size of subtreatment plots, upon which average tree diameters were based for the bum and no- 
bum-history plots. Absence of repetitions in the no-bum-history area allowed average tree 
diameters to be based on three rather than nine 0.20 hectare (one-half acre) plots. Sample sizes 
within the no-bum-history area were 45,91, and 99 trees for the 247 trees per hectare (100 
trees per acre), 494 trees per hectare (200 trees per acre), and control plots respectively. Based 
on the total size of the paired subtreatment plots, (0.20 hectare or one-half acre), exact counts 
would have led to sample sizes of 50 and 100 stems on the 247 trees per hectare (100 trees per 
acre), and 494 trees per hectare (200 trees per acre) subtreatment plots respectively. The
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Figure 40. Vegetation differences between bum-history and no-bum-history plots for Gelsemium sempervirens (year by treatment 
interaction) and Houstonia procumbens, Rhus spp., Rubus spp., and Smilax spp., with significant interactions by year 
along. Density is expressed as the average number of individuals per 1.22 meters-square and TPH = trees per hectare. 
Understory Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994. (figure con’d.)
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average sample size of 103 stems for the paired control subtreatment plots in the bum-history 
area showed that without thinning, these control plots contained stocking rates that averaged 
509 stems per hectare (206 stems per acre). In the no-bum-history area, control plots averaged 
489 stems per hectare (198 stems per acre). These figures are misleading due to the vast 
majority of overstory in timbered control plots as well as timbered treatment plots, being 
comprised of stems less than 10.25 centimeters (4 inches) dbh, and thus not meeting the 
criterion to be numerically tagged as a measurement tree. A situation that further lowered 
sample sizes within the 0.20 hectare (one-half acre), subtreatment plots for the timbered 
treatment areas, was the loss of marked trees before they were numerically tagged. This 
problem resulted from the amount of picloram and diesel fuel needed to remove the large 
numbers of undesirable trees. The location of a “leave” trees adjacent to several “remove” 
trees usually resulted in the death of the desirable stem by runoff fi"om bark to soil. The loss of 
desirable stems prior to tagging extended into control areas, where there was an absence of 
chemical applications for precommercial thinnings. Tree losses in these areas resulted from 
southern pine beetle {Dendroctoniis frontalis) being attracted to treatment and control areas by 
the large numbers of stressed stems prior to their actual death.
Table 4 contains the results of a general comparison of stem diameters in the bum-history 
and no-bum-histoiy areas, respectively, by comparing average dbh and standard deviation. The 
standard deviations serve as a method to compare the amount of variability about the average 
dbh’s for a particular year and treatment level. Within the bum-history areas (Table 4), 
thinning stands to either 494 or 247 trees per hectare (200 or 100 trees per acre respectively), 
represented the greatest amount of variability in mean tree diameter over all three years of data 
collection. Attempts to leave only larger diameter trees, when marking stems for removal, 
were not completely successful, as indicated by the wide range of diameters that remained on
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Table 4. Average dbh and standard deviation in bum-history timbered plots (BHT), and no-bum-history timbered plots (NBHT). 
TPH = trees per hectare and CON = control. Sample sizes are indicated in parentheses, while diameters and standard 
deviations are expressed in centimeters. Understory Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, 
Louisiana, 1992- 1994.
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Year Average dbh Standard Deviation
247 TPH 494 TPH CON 247 TPH 494 TPH CON
(59) (45) (101) (91) (103) (99)
BHT NBHT BHT NBHT BHT NBHT BHT NBHT BHT NBHT BHT NBHT
1992 15.0 13.7 13.5 12.7 12.9 14.0 2.0869 1.2420 1.6367 0.9409 1.5112 1.2287
1993 16.8 15.0 14.7 13.7 14.2 15.0 2.1943 1.4199 1.5353 1.1466 1.4107 1.1166
1994 17.5 15.7 15.5 14.2 15.0 15.7 2.2754 1.5161 1.5263 1.0561 1.4789 1.2838
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the thinned sites. The lower variability in diameter ranges associated with control plots, is due 
to the large numbers of smaller diameter stems initially recorded in this category.
Within the no-bum-history site, initial diameter readings in 1992 and final readings in 
1994, had the least variability in plots thinned to 494 trees per hectare (200 trees per acre). In 
1993, control plots had the least variability in diameter measurements.
Table 5 and Table 6 contain the results of a Duncan’s Multiple Range Test for the variable 
“mean diameter” in the bum-history areas for treatments by year and years by treatment, 
respectively. Data from Table 5 indicate that first year growth, following treatments, showed 
significant diameter differences between stands thinned to 247 trees per hectare (100 trees per 
acre), and the control plots. In 1993 and 1994, stands thinned to 247 trees per hectare (100 trees 
per acre) differed significantly in dbh from stands thinned to 494 trees per hectare (200 trees 
per acre), and control areas. Results presented in Table 6 indicate that at all thinning levels, 
two growing seasons were necessary to produce significant differences in tree growth as 
measured by dbh.
Table 7 and Table 8 contain results from a Duncan’s Multiple Range test for areas with a 
no-bum history. No significant differences were found between mean dbh’s, regardless of the 
treatment implemented within a year (Table 7). When considering years within a thinning 
level (Table 8), only 1992 and 1994 showed dbh’s significantly different from each other, 
regardless of the thinning level employed. This again indicated that two growing seasons are 
necessary to produce significant differences in mean dbh growth.
PHOTOSYNTHETIC ACTIVE RADIATION:
Results presented in Table 9 indicate general relationships between the average percent light 
available under various treatments and years, for the bum-history areas and no-bum-history 
areas respectively. Standard deviation values varied little, both among years and among
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Table 5. Average dbh’s within subtreatment plots for the three repetitions of the bum-history area, (TPH = trees per hectare). Diameters are 
recorded in centimeters, with inches given in parentheses. Significance values are from the results of Duncan’s Multiple Range test 
for the variable mean dbh within a particular year and thinning level, across three subtreatment levels, in each repetition. Means 
with the same letter within a particular year are not significantly different. Understory Plant Succession Study, LSU Lee Memorial 
Forest, Washington Parish, Louisiana, 1992-1994.
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REP. SUBTREATMENT YEAR
1992 1993 1994
247 TPH 494 TPH CONTROL 247 TPH 494 TPH CONTROL 247 TPH 494 TPH CONTROL
1 CONTROL
VELPAR
PRESCRIBED
BURN
16.9(6.6) 
16.9 (6.6) 
15.1 (5.9)
15.4 (6.0) 
15.9(6.2)
14.4 (5.6)
15.9 (6.2) 
13.3 (5.2) 
15.1 (5.9)
18.2 (7.1) 
18.7 (7.3) 
16.4 (6.4)
16.2(6.3)
17.2(6.7)
15.4(6.0)
16.9 (6.6) 
14.6 (5.7) 
16.2 (6.3)
18.7 (7.3) 
20.0 (7.8) 
17.2(6.7)
16.7 (6.5)
18.2 (7.1)
16.2 (6.3)
17.1(6.9) 
15.1 (5.9) 
16.9 (6.6)
2 CONTROL
VELPAR
PRESCRIBED
BURN
19.0 (7.4) 
16.2 (6.3)
14.1 (5.5)
13.1(5.1) 
14.9 (5.8) 
14.1 (5.5)
13.3 (5.2) 
12.0 (4.7) 
11.8(4.6)
21.0 (8.2) 
17.4(6.8) 
15.4 (6.0)
14.1 (5.5)
16.2 (6.3) 
15.1 (5.9)
14.9 (5.8) 
14.1 (5.5) 
13.8 (5.4)
22.3 (8.7) 
18.5 (7.2) 
16.2 (6.3)
15.1 (5.9) 
16.9 (6.6)
16.2 (6.3)
16.2 (6.3) 
15.1 (5.9) 
14.6 (5.7)
3 CONTROL
VELPAR
PRESCRIBED
BURN
12.8 (5.0)
13.3 (5.2)
13.3 (5.2)
11.3(4.4) 
11.8(4.6) 
12.3 (4.8)
11.8(4.6) 
11.8(4.6) 
13.3 (5.2)
14.4 (5.6) 
15.1 (5.9) 
14.9 (5.8)
12.6 (4.9) 
13.3 (5.2)
13.6 (5.3)
12.6(4.9) 
12.8(5.0) 
14.6 (5.7)
15.4(6.0) 
16.4 (6.4) 
15.9 (6.2)
13.3 (5.2)
14.4 (5.6)
14.4 (5.6)
13.3 (5.2)
13.3 (5.2) 
14.9 (5.8)
AVG. 15.1(5.9) 13.6 (5.3) 13.1(5.1) 16.9(6.6) 14.9 (5.8) 14.4 (5.6) 17.7 (6.9) 15.6 (6.1) 15.1 (5.9)
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Table 6. Average dbh’s within subtreatment plots for the three repetitions of the bum-history area, (TPH = trees per hectare), Diameters are 
recorded in centimeters, with inches given in parentheses. Significance values are from the results of Duncan’s Multiple Range test 
for the variable mean dbh within a particular thinning level and year, across three subtreatment levels, in each repetition. Means 
with the same letter within a particular thinning level are not significantly different. Understory Plant Succession Study, LSU Lee 
Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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REP. SUBTREATMENT THINNING LEVEL
247 TPH 494 TPH CONTROL
1992 1993 1994 1992 1993 1994 1992 1993 1994
1 CONTROL
VELPAR
PRESCRIBED BURN
16.9(6.6) 18.2(7.1) 18.7(7.3) 
16.9(6.6) 18.7(7.3) 20.0(7.8) 
15.1(5.9) 16.4(6.4) 17.2(6.7)
15.4(6.0) 16.2(6.3) 16.7(6.5) 
15.9(6.2) 17.2(6.7) 18.2(7.1) 
14.4(5.6) 15.4(6.0) 16.2(6.3)
15.9(6.2) 16.9(6.6) 17.7(6.9) 
13.3(5.2) 14.6(5.7) 15.1(5.9) 
15.1(5.9) 16.2(6.3) 16.9(6.6)
2 CONTROL
VELPAR
PRESCRIBED BURN
19.0(7.4) 21.0(8.2) 22.3(8.7) 
16.2(6.3) 17.4(6.8) 18.5(7.2) 
14.1(5.5) 15.4(6.0) 16.2(6.3)
13.1 (5.1) 14.1 (5.5) 15.1 (5.9) 
14.9(5.8) 16.2(6.3) 16.9(6.6) 
14.1(5.5) 15.1(5.9) 16.2(6.3)
13.3(5.2) 14.9(5.8) 16.2(6.3) 
12.9(4.7) 14.1(5.5) 15.1(5.9) 
11.8(4.6) 13.8(5.4) 14.6(5.7)
3 CONTROL
VELPAR
PRESCRIBED BURN
12.8(5.0) 14.4(5.6) 15.4(6.0) 
13.3(5.2) 15.1(5.9) 16.4(6.4) 
13.3(5.2) 14.9(5.8) 15.9(6.2)
11.3(4.4) 12.6 (4.9) 13.3(5.2) 
11.8(4.6) 13.3(5.2) 14.4(5.6) 
12.3(4.8) 13.6(5.3) 14.4(5.6)
11.8(4.6) 12.6(4.9) 13.3(5.2) 
11.8(4.6) 12.8(5.0) 13.3(5.2) 
13.3(5.2) 14.6(5.7) 14.9(5.8)
AVG. 15.1(5.9) 16.9(6.6) 17.1(6.9) 13.6(5.3) 14.9(5.8) 15.6(6.1) 13.1(5.1) 14.4(5.6) 15.1(5.9)
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Table 7. Average dbh’s within no-bum-history plots, (TPH = trees per hectare). Diameters are recorded in centimeters, with inches given 
in parentheses. Significance values are from the results of Duncan’s Multiple Range test for the variable mean dbh within a 
particular year and thinning level. Means with the same letter within a particular year are not significantly different. Understory 
Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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TREATMENT
YEAR
1992 1993 1994
247 TPH 494 TPH CONTROL 247 TPH 494 TPH CONTROL 247 TPH 494 TPH CONTROL
12.8 (5.0) 12.6 (4.9) 14.3 (5.6) 13.8(5.4) 13.2 (5.3) 15.2 (5.9) 14.6 (5.7) 13.8(5.4) 15.9 (6.2)
CONTROL 14.8 (5.8) 12.1 (4.8) 13.8 (5.4) 16.1 (6.3) 12.9 (5.1) 15.0 (5.8) 16.8 (6.5) 13.6 (5.3) 15.9 (6.2)
13.6 (5.3) 14.0 (5.4) 14.2 (5.5) 15.2 (5.9) 15.0 (5.8) 15.2 (5.9) 16.2 (6.3) 15.5 (6.0) 15.9(6.2)
AVERAGE 13.8 (5.4) 12.8 (5.0) 14.1 (5.5) 15.1 (5.9) 13.8(5.4) 15.1 (5.9) 15.9(6.2) 14.4 (5.6) 15.9(6.2)
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Table 8. Average dbh’s within no-bum-history plots, (TPH = trees per hectare). Diameters are recorded in centimeters, with inches given in 
parentheses. Significance values are from tlie results of Duncan’s Multiple Range test for the variable mean dbh within a particular 
thinning level and year. Means with the same letter within a particular thinning level are not significantly different. Understory 
Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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SUBTREATMENT THINNING LEVEL
247 TPH 494 TPH CONTROL
1992 1993 1994 1992 1993 1994 1992 1993 1994
12.8 (5.0) 13.8 (5.4) 14.6 (5.7) 12.6 (4.9) 13.2 (5.3) 13.8(5.4) 14.3 (5.6) 15.2 (5.9) 15.9 (6.2)
CONTROL 14.8 (5.8) 16.1 (6.3) 16.8(6.5) 12.1 (4.8) 12.9 (5.1) 13.6 (5.3) 13.8 (5.4) 15.0 (5.8) 15.9 (6.2)
13.6 (5.3) 15.2 (5.9) 16.2 (6.3) 14.0 (5.4) 15.0 (5.8) 15.5(6.0) 14.2 (5.5) 15.2 (5.9) 15.9(6.2)
AVERAGE 13.8(5.4) 15.1 (5.9) 16.9 (6.2) 12.8(5.0) 13.8 (5.4) 14.4 (5.6) 14.1 (5.5) 15.1 (5.9) 15.9 (6.2)
SIGNIFICANCE
VALUE
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Table 9. Average light readings, expressed as a percentage of the total amount of Photosynthetic Active Radiation (PAR) available for a 
specific year and treatment level, along with standard deviations, in bum-history (BH) and no-bum-history (NBH) plots 
(tph = trees per hectare, cc = clearcut, con = control, and na = not applicable. Understory Plant Succession Study, LSU Lee 
Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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Year
Average percent light Standard deviation
247 tph 494 tph cc con 247 tph 494 tph cc con
(BH) (NBH) (BH) (NBH) (BH) (NBH) (BH) (NBH) (BH) (NBH) (BH) (NBH) (BH) (NBH) (BH) (NBH)
1992 17.6 5.7 21.3 6.0 70.5 na 16.9 3.0 9.82 3.73 9.88 3.94 10.58 na 9.23 3.16
1993 18.3 16.7 25.0 15.3 62.6 na 18.2 4.0 9.57 7.00 7.64 9.62 9.20 na 8.98 4.32
1994 17.6 11.0 20.7 12.3 54.6 na 16.0 2.0 10.67 5.60 7.16 7.49 14.39 na 8.16 1.17
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treatment levels for the bum history area. This scenario was true in the no-bum history area, 
with the exception that under these conditions, control plots showed slightly lower degrees of 
variability than either plots thinned to 247 trees per hectare (100 trees per acre) or plots thinned 
to 494 trees per hectare (200 trees per acre).
Results from a Duncan’s Multiple Range Test for the variable mean percent light reading 
within thinning levels by year and years by thinning level, for the bum history area, are 
presented in Table 10 and Table 11 respectively. During the three years of data collection, only 
the clearcut treatments showed a significant difference in the amount of light available at the 
sample plot (Table 10). Large areas opened up by clearcutting allowed for more sunlight to 
reach the measurement point than was possible in either of the two thinning levels or the 
control. When considering the three measurement years, within the various treatment levels 
(Table 11), clearcut treatments showed a significant difference in light availability between the 
years 1992 and 1994. The decrease in light availability over this three year period was due to 
the steady growth in understory vegetation on the treatment area. In all other treatments, no 
significant differences occurred among the years sampled. These results suggest that from the 
standpoint of allowing sunlight to reach through the forest canopy, no significant differences 
occurred over a three year period when stands were thinned to either of the two densities, or 
left in an unthinned condition.
Similar analysis in the no-bum-history area (Table 12) showed no significant differences in 
light availability among the three treatment levels for the year 1992. In 1993 and 1994, control 
areas showed significantly different light readings than either of the two thinned areas. In all 
three years control area measurements indicated extremely low light levels due not only to high 
stand densities, but also to the accumulation of pine needles in the understory, effectively 
preventing sunlight from reaching the forest floor. This latter condition was alleviated in the
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Table 10. Average light readings, within subtreatment plots for the three repetitions of the bum-history area. Light measurements were 
recorded as a percentage of the total amount of photosynthetic active radiation (PAR) occurring at a particular location in time. 
Significance values are Irom the results of Duncan’s Multiple Range test for the variable mean light reading within a particular 
year and thinning level, across all subtreatment levels in each repetition, (tph = trees per hectare, cc = clearcut, con = control, 
and na = not applicable). Means with the same letter within a particular year are not significantly different. Understory 
Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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REP. SUBTREATMENT YEAR
1992 1993 1994
247 tph 494 tph cc con 247 tph 494 tph cc con 247 tph 494 tph cc con
I OUST na na 69 na na na 47 na na na 36 na
VELPAR 4 36 62 18 6 35 51 18 2 30 36 10
OUST-VELPAR na na 94 na na na 65 na na na 42 na
CONTROL 16 4 63 7 18 14 59 10 8 10 56 11
PRESCRIBED 10 12 na 6 7 20 na 6 14 26 na 12
BURN
2 OUST na na 68 na na na 74 na na na 73 na
VELPAR 4 23 68 35 14 26 67 36 14 23 64 28
OUST-VELPAR na na 80 na na na 64 na na na 56 na
CONTROL 31 23 60 28 33 34 74 29 22 31 74 29
PRESCRIBED 9 22 na 16 8 27 na 20 11 16 na 25
BURN
OUST na na na na na na na na na na na na
3 VELPAR 24 36 na 14 25 28 na 11 25 22 na 8
OUST-VELPAR na na na na na na na na na na na na
CONTROL 33 22 na 20 25 29 na 20 29 16 na 12
PRESCRIBED 27 14 na 8 29 12 na 14 33 12 na 9
BURN
AVG. 17.6 21.3 70.5 16.9 18.3 25.0 62.6 18.2 17.6 20.7 54.6 16.0
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Table 11, Average light readings within subtreatment plots for the three repetitions of the bum-history area. Light measurements were 
recorded as a percentage of the total amount of photosynthetic active radiation (PAR) occurring at a particular location in time. 
Significance values are from the results of Duncan’s Multiple Range test for the variable mean light reading within a particular 
thinning level and year, across all subtreatment levels in each repetition, (TPH = trees per hectare and NA = not applicable). 
Means with the same letter within a particular treatment or control, are not significantly different. Understory Plant Succession 
Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
REP. SUBTREATMENT THINNING LEVEL
247 TPH 494 TPH CLEARCUT CONTROL
1992 1993 1994 1992 1993 1994 1992 1993 1994 1992 1993 1994
1 OUST NA NA NA NA NA NA 69 47 36 NA NA NA
VELPAR 4 6 2 36 35 30 62 51 36 18 18 10
OUST-VELPAR NA NA NA NA NA NA 94 65 42 NA NA NA
CONTROL 16 18 8 4 14 10 63 59 56 7 10 11
PRESCRIBED BURN 10 7 14 12 20 26 NA NA NA 6 6 12
2 OUST NA NA NA NA NA NA 68 74 73 NA NA NA
VELPAR 4 14 14 23 26 23 68 67 64 35 36 28
OUST-VELPAR NA NA NA NA NA NA 80 64 56 NA NA NA
CONTROL 31 33 22 23 34 31 60 74 74 28 29 29
PRESCRIBED BURN 9 8 11 22 27 16 NA NA NA 16 20 25
3 OUST NA NA NA NA NA NA NA NA NA NA NA NA
VELPAR 24 25 25 36 28 22 NA NA NA 14 11 8
OUST-VELPAR NA NA NA NA NA NA NA NA NA NA NA NA
CONTROL 33 25 29 22 29 16 NA NA NA 20 20 12
PRESCRIBED BURN 27 29 33 14 12 12 NA NA NA 8 14 9
AVG. 17.6 18.3 17.6 21.3 25.0 20.7 70.5 62.6 54.6 16.9 18.2 16.0
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Table 12. Average light readings within no-bum-history plots. Light measurements were recorded as a percentage o f the total amount of 
photosynthetic active radiation (PAR) occurring at a particular location in time. Significance values are from the results of 
Duncan’s Multiple Range test for the variable “mean light reading” within a particular year across thinning levels, (TPH = 
trees per hectare). Means with the same letter, within a particular year, are not significantly different. Understory Plant 
Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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SUBTREATMENT YEAR
1992 1993 1994
247 TPH 494 TPH CONTROL 247 TPH 494 TPH CONTROL 247 TPH 494 TPH CONTROL
10 8 6 21 23 8 9 19 2
CONTROL 5 8 2 19 17 2 18 14 2
2 2 I 10 6 2 6 4 2
AVERAGE 5.7 6.0 3.0 16.7 15.3 4.0 11.0 12.3 2.0
SIGNIFICANCE
VALUE
A A A A A B A A B
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bum-history stands due to the periodic occurrence of prescribed fires. Results presented in 
Table 13 indicate that in stands thinned to 247 trees per hectare (100 trees per acre), there was a 
significant difference in light availability between 1992 and 1993, while 1994 showed no 
significant difference between either of the first two years. Although not significantly 
different, 1992 light readings in stands thinned to 494 trees per hectare (200 trees per acre) 
were also lower than either o f the two following years. Vegetative growth, normally causing a 
lowering in light readings over a three year period, were offset in both thinning treatments by 
conditions initially produced by the thinnings themselves. In no-bum-history areas, the thick 
pine needle accumulation resulting from the absence of fire was compounded initially by the 
tremendous needle loss from pines chemically destroyed and left standing on the site.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
CD
■ D
O
Q .
C
g
Q .
"O
CD
C/)
C /)
Table 13. Average light readings within no-burn-history plots. Light measurements were recorded as a percentage of the total amount 
of photosynthetic active radiation (PAR) occurring at a particular location in time. Significance values are from the results 
of Duncan’s Multiple Range test for the variable “mean light reading’’ within a particular thinning level across years,
(TPH = trees per hectare). Means with the same letter, within a particular thinning level or control, are not significantly 
different. Understory Plant Succession Study, LSU Lee Memorial Forest, Washington Parish, Louisiana, 1992-1994.
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SUBTREATMENT THINNING LEVEL
247 TPH 494 TPH CONTROL
1992 1993 1994 1992 1993 1994 1992 1993 1994
10 21 9 8 23 19 6 8 2
CONTROL 5 19 18 8 17 14 2 2 2
2 10 6 2 6 4 1 2 2
AVERAGE 5.7 16.7 11.0 6.0 15.3 12.3 3.0 4.0 2.0
SIGNIFICANCE
VALUE
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SUMMARY AND CONCLUSIONS
Changes in the frequency and occurrence o f understory vegetation are a dynamic process, 
expressed through various successional stages. The climax stage or culmination of these events 
is only a brief repose, giving way to early successional stages when physical changes are 
brought upon the site. These changes have been occurring naturally through the eons by way 
of long term climatic changes and localized weather factors. The influence of man upon these 
processes has been relatively recent in terras of the length of time that successional events have 
occurred. Manipulation of the successional process, by increasing its rate of occurrence, is the 
biggest influence that man exacts upon an area. This manipulation is often expressed as land 
management activities, implemented in order to achieve a desired prescription for an area. The 
use of thinning, herbicides, and fire were specific land management tools used in this study to 
determine understory vegetative changes.
Clearcutting set back succession to seres dominated vegetatively by large numbers of early 
successional plant taxa. The increased availability of sunlight, benefiting vast numbers of 
early successional shade intolerant taxa, was the biggest reason for increases in species 
richness in clearcut plots. Plots thinned to 247 or 494 trees per hectare, along with control 
plots, tended to show fewer differences between understory light availability, dbh growth, or 
differences in the composition and density of understory vegetation. These results indicate that 
certain light levels are necessary before significant differences in successional changes can be 
detected on an area. Observations made after the three years of field work and data collection, 
indicated that control plots not experiencing any silvicultural treatments, contained less 
understory vegetation than thinned plots, in terms of composition and density. These 
conditions lacked manifestation until sufficient time had elapsed for vegetational changes to 
occur on thinned plots. I believe that time, as related to the successional process, is the single
129
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most critical factor in determining the composition and density of vegetation on disturbed 
areas.
Herbicide usage within clearcut plots, tended to lower the occurrence rate of many 
herbaceous taxa for the season immediately following application. These effects were short­
lived however, with many herbaceous taxa rebounding to high numbers shortly after the 
dissipation of a herbicide’s active ingredient. There were no indications of long-term negative 
effects from herbicide usage upon any of the taxa analyzed. Herbicide usage on timbered plots 
did not affect understory composition and density to the extent such influence was exacted on 
clearcut plots. I believe this was related to critical light levels not being achieved within 
thinned treatment plots, regardless of the use or non-use of herbicides.
Woody vegetation was impacted by herbicide usage on the study area to a much lesser 
extent than herbaceous vegetation. In many instances, herbicide usage effected woody 
vegetation by stunting or impairing normal growth patterns, rather than by actual elimination. 
These stressed individuals, even though counted in the same manner as normal individuals, had 
the potential to effect adjacent vegetation in a much different way than normal individuals.
I believe that fire usage within the scope of this study had a much greater effect by way of 
its history of absence or occurrence, rather than its usage as one of the prescribed treatments. 
Burned plots were "fully vegetated” the first Spring sampling period following the prescribed 
fire. This general observation of vegetation reestablishing on burned plots is supported by data 
analysis which showed Desmodium spp. and Gnaphcdiian spp. (Fig. 22), along with Aronia 
arbutifolia (Fig. 27), to be the only taxa with trends in composition and density relating to the 
absence or presence of fire as a prescribed treatment
The history of fire use or suppression within the study area, on both herbaceous and woody 
vegetation, was evident by casual observation. The no-bum-history study area contained
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greater numbers of larger woody understory vegetation, along with fewer herbaceous plants. 
The “long-term” use of fire negatively impacted densities of Acer rubrum. Ilex spp., and 
Quercus spp (Fig. 38). Additional woody taxa were impacted by fire destroying above ground 
plant parts, but many individuals sprouted each Spring from surviving root-stock. The 
herbaceous taxon most negatively affected by the repeated occurrence of fire was Mitchella 
repens (Fig 39). Gelsemium sempervirens, Homtonia procumbens, Rubus spp., Rfws spp., and 
Smilax spp. increased in density due to an extended affiliation with prescribed fires (Fig. 40).
There were few significant differences in understory vegetative densities through time, 
when the season or any of its interaction terms were considered. The short time period 
separating the Spring and Fall sampling periods was initially thought to be the reason why 
significance differences in vegetation densities were often not detected with this variable or its 
interaction terms. The last day of Spring sampling ended on June 15th for each of the three 
sampling periods, while Fall sampling began a month later on July 15th. In future studies 
involving vegetative differences by season. Fall sampling dates could be conducted late enough 
in the year to allow completion before first frost. Time constraints were the major reason for 
the proximity between Spring and Fall sampling periods. In defense of this procedure, 
however, casual observances led to the conclusion that many “Fall occurring” taxa were 
present on the study area in the Spring, in the vegetative stages only. Taxa such as these were 
recorded during both sampling periods, even though they became more noticeable later in the 
season when they began flowering.
Changing utilization trends were evident from the initiation o f this study in 1991 until the 
present time. Timber removals on all thinned and clearcut plots could be accomplished only by 
precommercial chemical treatments. Average stem sizes of 12.8 cm dbh were not 
merchantable. Advances in utilization and harvesting procedures now allow contractors to
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remove stems of this size in commercial operations. These removals profit the landowner, 
utilize stems of such size and quality that sawtimber status is usually never achieved, and 
provide for increased diameter growth of residuals without the danger of excess herbicides on 
the site.
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APPENDIX A
TRADE NAMES, COMMON NAMES, AND CHEMICAL FORMULATIONS FOR THE 
FORESTRY HERBICIDES REFERRED TO IN THIS STUDY. UNDERSTORY PLANT 
SUCCESSION STUDY, LSU LEE MEMORIAL FOREST, WASHINGTON PARISH,
LOUISIANA, 1992-1994
Trade
Name
Common Name Chemical Formulation
Access Picloram 4-amino, (3,5,6,-trichloropicolinic acid), isooctylesters.. 17.1% 
triclopyr (3,5,6-trichloro-2-pyridinyloxyacetic acid), 
butoxyethyl Ester...32.5 %
Arsenal Imazapyr isopropylamine salt of imazapyr (2-[4,5dihydro-4-methyl-4- 
( 1 -methy lethy l)-5-oxo-1 H-imidazol-2-yl]-3-pyridinecar- 
boxylic acid).... 53.1%
Oust Sulfometuron sulfometuron methyl {methyl 2-[[[[(4,6-dimethyl-2-pyrimi- 
dinyl)amino] carbonyl]sulfonyI]benzoate}....75%
Pathway Picloram picloram: 4-amino-3,5,6-trichloropicolinic acid, 
triisopropanolamine salL..5.4% 
2,4-dichIorophenoxyacetic acid, triisopropanolamine 
salt....20.9%
Roundup Glyphosate glyphosate, N-(phosphonomethyl)glycine, in the form of its 
isopropylamine salt...41.0%
Velpar L Hexazinone hexazinone: [3-cyclohexyl-6-(dimethylamino)-1 -methyl-1,3,5- 
triazine-2,4( 1 H,3H)-dione]
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APPENDIX B
VASCULAR PLANT TAXA RECORDED ON MEASUREMENT PLOTS, 
UNDERSTORY PLANT SUCCESION STUDY, LSU LEE MEMORIAL FOREST, 
WASHINGTON PARISH, LOUISIANA,
1992-1994
TAXON Common Name
Acalphya virginica three-seeded mercury
Acer rubrum red maple
Aletris aurea colic-root
Ambrosia artemisiifolia ragweed
Amelanchier arborea serviceberry
Ampélopsis arborea pepper vine
Andropogon spp bluestem
Andropogon gerardii big bluestem
Andropogon virginicus bluestem
Anisostichus capreolata crossvine
Aralia spinosa devil’s walking stick
Aronia arbutifolia red chokeberry
Aristolochia serpentaria birthwort
Asimina triloba dwarf pawpaw
Aster spp aster
Aster linariifolius stiff-leaved aster
Aster tortifolius white-topped aster
Athyrium asplenioides southern lady fern
Baccharis halimifolia winterwillow
Berchemia scandens rattan
Betula nigra river birch
Botrychium virginianum grapefem
Callicarpa americana French mulberry
Carya sp. hickory
Cassia fasciculata partridge pea
Castanea pumila chinquapin
Ceanothus americanus New Jersey tea
Centella asiatica centella
Centrosema virginianum butterfly pea
Chasmanthium latum chasmanthium
Chasmanthium sessiliflorum chasmanthium
Cnidulosus stimulosus Texas bullnettle
Collinsonia canadensis mint
Coreopsis major tickseed
Comus florida flowering dogwood
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Taxon Common Name
Crataegus marshailii parsley-leaf hawthorn
Crotaloria purshii narrowleaf rattlepod
Crotaioria spectabilis rattlebox
Croton capitatus goatweed
Ctenium aromaticum toothache grass
Cyperus spp. sedge
Desmodium lineatum trailing beggarlice
Desmodium nudiflorum beggarlice
Desmodium rotundifoiium dollarleaf
Desmodium strictum beggarlice
Diodia spp buttonweed
Diodia teres buttonweed
Diodia virginiana buttonweed
Dioscorea villosa wild yam
Diospyros virginiana persimmon
Elephantopus tomentosus elephant’ foot
Erechtites hieracifolia fireweed
Erythrina herbacea Eastern coral bean
Eupatorium spp thoroughwort
Eupatorium capiliifolium cypress-weed
Eupatorium leucolepis justice weed
Eupatorium perfoliatum boneset
Eupatorium rotundifoiium roundleaf eupatorium
Euphorbia corollata old field spurge
Galium spp bedstraw
Galium pilosum hairy bedstraw
Gelsemium sempervirens yellow Jessamine
Geranium carolinianum cranesbill
Gnaphalium obtusifolium cudweed
Gnaphalium purpureum cudweed
Habenaria nivea snowy orchid
Hamamelis virginiana witch-hazel
Helianthus spp sunflower
Helianthus floridanus sunflower
Heterotheca graminifolia silkgrass
Hexastylis arifolia wild-ginger
Hypericum drummondii tinyleaf hypericum
Hypericum hypericoides St. Andrew’s cross
Ilex coriaceae sweet gallberry
Ilex decidua deciduous holly
Ilex glabra little gallberry
Ilex opaca American holly
Ilex verticillata winterberry
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Taxon Common Name
Ilex vomitoria yaypon
Ipomoea pandurata wild potato vine
Jimcus spp rush
Lactuca spp wild lettuce
Lechea villosa pinweed
Lespedeza capitata bush lespedeza
Lespedeza procumbens climbing lespedeza
Lespedeza striata common lespedeza
Liatris pycnostachya blazing star
Liatris spicata blazing star
Liatris squarrosa blazing star
Ligustrum sinense common privet
Liquidambar styraciflua sweetgum
Liriodendron tulipifera yellow-poplar
Lobelia puberula lobelia
Lonicera japonica Japanese honeysuckle
Ludwigia altemifolia winged-fruit ludwigia
Lygodium japonicum Japanese climbing fern
Magnolia grandiflora Southern magnolia
Magnolia virginiana sweetbay
Malaxis unifolia green adder’s mouth orchid
Malus angustifolia crabapple
Mecardonia acuminata black-on-drying
Melothria pendula creeping cucumber
Mikania scandens climbing hempweed
Mitchella repens partridgeberry
Moms mbra red mulberry
Myrica carolinensis Northern candleberry
Nyssa sylvatica var. sylvatica hill blackgum
Oidenlandia boscii Oidenlandia
Osmanthus americana devilwood
Oxalis spp wood sorrel
Oxydendrum arboreum sourwod
Panicum spp panic grass
Panicum aciculare panic grass
Panicum acuminatum panic grass
Panicum anceps panic grass
Panicum angustifolium panic grass
Panicum commutatum panic grass
Panicum laxiflomm panic grass
Parthenocissus quinquefolia vigrinia creeper
Paspalum laeve paspalum
Paspalum praecox paspalum
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Taxon Common Name
Passiflora lutea yellow passion flower
Persea borbonia redbay
Physalis angulata Chinese lantern
Phytolacca americana polkweed
Pinus spp pine
Pinus elliottii slash pine
Pinus palustris longleaf pine
Pinus taeda loblolly pine
Plantage spp plantain
Plantago virginica plantain
Poaceae grass
Polygala nana candy root
Polypremium procumbens polypremium
Prunus serotina black cherry
Pteridium aquilinum bracken fem
Pycnantheraum muticum horse-mint
Pyrrhopappus carolinianus false dandelion
Qurecus spp oak
Quercus alba white oak
Quercus falcata var falcata southern red oak
Quercus incana bluejack oak
Quercus marilandica blackjack oak
Quercus nigra water oak
Quercus obtusa obtusa oak
Quercus stellata post oak
Quercus velutina black oak
Rhexia alifanus meadow beauty
Rhus copallina winged sumac
Rhus radicans poison ivy
Rhus toxicodendron poison oak
Rhynchosia reniformis dollar plant
Rubus spp blackberry
Rudbeckia hirta black-eyed susan
Ruellia caroliniensis wild petunia
Sabal minor palmetto
Sambucus canadensis elderberry
Sanicula canadensis snakeroot
Sassafias albidum sassafias
Schrankia microphylla sensitive brier
Scutellaria elliptica skullcap
Smilax spp greenbrier
Smilax bona-nox saw greenbrier
Smilax glauca cat greenbrier
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Taxon Common Name
Smilax pumila dwarf greenbrier
Smilax rotundifolia common greenbrier
Solanum carclinense horsenettle
Solidago canadensis golden rod
Solidago rugosa goldenrod
Sonchus asper sow-thistle
Stellaria media chickweed
Stylosanthes biflora pencil flower
Symplocos tinctoria sweetleaf
Tephrcsia florida goat’s rue
Tephrosia spicata spiked hoary pea
Tephrosia virginiana goat’s rue
Tragia cordata tragia
Vaccinium arboreum tree huckleberry
Vaccinium darowii Darrell’s huckleberry
Vaccinium stamineum Squaw huckleberry
Viburnum dentatum arrow-wood
Vicia angustifolia vetch
Vitus spp wild grape
Vitus rotundifolia muscadine
Viola spp violet
Viola primulifolia primrose-leaved violet
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APPENDIX c.
ANALYSIS OF VARIANCE TABLES FOR THE FOUR MODELS UTILIZED IN 
DATA ANALYSIS. UNDERSTORY PLANT SUCCESSION STUDY, LSU LEE 
MEMORIAL FOREST, WASHINGTON PARISH, LOUISIANA, 1992-1994
MODEL 1
SOURCE DEGREES OF 
FREEDOM
repetition 2
treatment 2
ERROR A repetition by treatment 4
subtreatment 2
subtreatment by treatment 4
subtreatment by repetition 
ERROR B and
subtreatment by repetition by treatment
4
+ = 12 
8
season 5
season by treatment 10
season by repetition 
ERROR C and
season by repetition by treatment
10
+ = 30 
20
season by subtreatment 10
season by treatment by subtreatment 20
season by subtreatment by repetition 
ERROR D and
season by subtreatment by treatment by repetition
20
+ = 60 
40
MODEL 2
SOURCE DEGREES OF 
FREEDOM
repetition 1
ERROR A subtreatment 3
season 5
season by subtreatment 15
season by repetition 
ERROR B and
season by subtreatment by repetition
5
+ = 20 
15
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MODEL 3
SOURCE DEGREES OF 
FREEDOM
repetition 2
treatment 3
ERROR A repetition by treatment 6
subtreatment I
subtreatment by treatment 3
subtreatment by repetition 
ERROR B and
subtreatment by repetition by treatment
2
+ = 8 
6
season 5
season by treatment 15
season by repetition 
ERROR C and
season by repetition by treatment
10
+ = 4 0  
JO
season by subtreatment 5
season by treatment by subtreatment 15
season by subtreatment by repetition 
ERROR D and
season by subtreatment by treatment by repetition
10
+ = 4 0  
30
MODEL 4
SOURCE DEGREES OF 
FREEDOM
repetition 3
treatment 2
ERROR A repetition by treatment 6
season 5
season by treatment 10
season by repetition 
ERROR B and
season by repetition by treatment
15
+ = 4 5  
30
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
7)
CD■D
O
Û .
C
g
Û .
■D
CD
C /)
C /)
8
APPENDIX D.
RESULTS OF ANALYSIS OF VARIANCE (F-TEST), ON SELECTED TAXA, TO DETERMINE THE STATISTICAL 
SIGNIFICANCE OF THAT TAXA S OCCURRENCE WITHIN THE VARIOUS TREATMENTS AND SUBTREATMENTS AND 
UPON THE SEASON AND YEAR IN THE BURN-HISTORY PLOTS. MODEL ONE TESTS THE DIFFERENCES IN A PLANT 
TAXA S NUMBERS BETWEEN THE TIMBERED BURN-HISTORY PLOTS. MODEL TWO TESTS THE DIFFERENCES IN A 
PLANT TAXA S NUMBERS BETWEEN THE CLEARCUT AND REPLANTED PLOTS. MODEL THREE TESTS THE 
DIFFERENCES IN A PLANT TAXA S NUMBERS BETWEEN A CLEARCUT AND REPLANTED VERSES A TIMBERED PLOT. 
SIGNIFICANCE LEVELS, BASED ON AN F VALUE LESS THAN .05, ARE INDICATED IN BOLD TYPE. UNDERSTORY PLANT 
SUCCESSION STUDY, LSU LEE MEMORIAL FOREST, WASHINGTON PARISH, LOUISIANA, 1992-1994
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VARIABLE TAXON
Acer rubrum 
model
Acalypha virginica 
model
Andropogon spp 
model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.144 0.500 0.251 0.244 0.016 0.090 0.487 0.457 0.384
SEASON 0.840 0.058 0.289 0.244 0.279 0.129 0.329 0.490 0.870
TREATMENT (TREAT) 0.603 0.413 0.379 0.011 0.458 0.514
SUBTREATMENT (SUBTREAT) 0.465 0.500 0.358 0.844 0.962 0.398 0.525 0.509 0.834
YR X  TREAT 0.357 0.434 0.384 0.003 0.975 0.589
SEASON X TREAT 0.588 0.505 0.379 0.571 0.888 0.695
YR X SUBTREAT 0.557 0.177 0.735 0.596 0.279 0.0001 0.441 0.184 0.828
SEASON X SUBTREAT 0.619 0.688 0.741 0.727 0.909 0.709 0.968 0.446 0.717
SEASON X  YR 0.289 0.030 0.597 0.244 0.299 0.107 0.058 0.500 0.126
TREAT X SUBTREAT 0.983 0.549 0.365 0.504 0.355 0.332
YR X  TREAT x SUBTREAT 0.908 0.989 0.954 0.004 0.857 0.875
SEASON X TREAT x  SUBTREAT 0.889 0.912 0.428 0.258 0.500 0.331
YRx TREAT X  SEASON 0.927 0.888 0.384 0.757 0.763 0.971
YR X SUBTREAT x SEASON 0.619 0.798 0.569 0.596 0.984 0.247 0.999 0.928 0.960
TREAT X  SUBTREAT x  YR x  SEASON 0.964 0.953 0.954 0.830 0.679 0.544
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VARIABLE TAXON
Aristolochia serpentaria Aronia arbutifolia Aster spp
model model model
- 1 2 3 1 2 3 1 2 3
YEAR (YR) 0.028 0.500 0.049 0.074 0.500 0.096 0.304 0.041 0.024
SEASON 0.899 0.500 0.979 0.562 0.205 0.526 0.184 0.451 0.094
TREATMENT (TREAT) 0.032 0.002 0.809 0.782 0.808 0.0004
SUBTREATMENT (SUBTREAT) 0.560 0.500 0.449 0.170 0.553 0.294 0.689 0.729 0.889
YR X TREAT 0.075 0.079 0.860 0.837 0.504 0.033
SEASON X  TREAT 0.392 0.415 0.613 ------ 0.745 0.374 0.033
YR X SUBTREAT 0.459 0.088 0.429 0.003 0.499 0.090 0.022 0.413 0.606
SEASON X  SUBTREAT 0.849 0.943 0.609 0.726 0.622 0.544 0.997 0.977 0.966
SEASON X  YR 0.951 0.500 0.591 0.761 0.100 0.737 0.021 0.355 0.003
TREAT X  SUBTREAT 0.151 0.434 0.944 0.908 0.282 0.935
YR X TREAT x  SUBTREAT 0.074 0.017 0.447 0.344 0.019 0.459
SEASON X TREAT x  SUBTREAT 0.918 0.721 0.689 0.679 0.993 0.999
YRx TREAT X SEASON 0.377 0.839 0.423 0.514 0.829 ------ 0.005
YR X SUBTREAT x  SEASON 0.659 0.991 0.631 0.996 0.723 0.977 0.984 0.993 0.969
TREAT X SUBTREAT x  YR x  SEASON 0.994 0.949 0.986 0.981 0.999 1.000
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VARIABLE TAXON
Callicarpa americana Carya tomentosa Cassia fasciculata
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.047 0.372 0.167 0.773 0.206 0.522 0.161 0.021 0.195
SEASON 0.095 0.001 0.180 0.196 0.500 0.286 0.221 0.205 0.166
TREATMENT (TREAT) 0.292 0.263 0.242 0.677 0.392 0.437
SUBTREATMENT (SUBTREAT) 0.484 0.046 0.263 0.858 0.997 0.865 0.483 0.929 0.235
YRx TREAT 0.148 0.129 0.910 0.738 0.869 0.685
SEASON X TREAT 0.638 0.448 0.787 0.813 0.419 0.738
YRx SUBTREAT 0.168 0.013 0.199 0.436 0.455 0.164 0.190 0.556 0.208
SEASON X SUBTREAT 0.995 0.924 0.972 0.443 0.586 0.497 0.678 0.788 0.960
SEASON X YR 0.370 0.188 0.479 0.776 0.500 0.700 0.442 0.564 0.786
TREAT X SUBTREAT 0.662 0.738 0.513 0.244 0.231 0.334
YR X TREAT x  SUBTREAT 0.104 0.480 0.024 0.046 0.017 0.007
SEASON X TREAT x  SUBTREAT 1.000 0.999 0.942 0.923 0.217 0.293
YRx TREATX SEASON 0.921 0.954 0.463 0.358 0.164 0.074
YR X SUBTREAT x SEASON 0.999 0.793 0.954 0.929 0.679 0.892 0.596 0.221 0.845
TREAT X SUBTREAT x YR x SEASON 1.000 0.999 0.788 0.907 0.312 0.659
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VARIABLE TAXON
Ceanothus americanus Cornus florida Cyperus spp
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.444 0.013 0.0001 0.226 0.500 0.288 0.188 0.328 0.369
SEASON 0.423 0.253 0.219 0.499 0.500 0.479 0.729 0.427 0.628
TREATMENT (TREAT) 0.444 0.001 0.885 0.603 0.328 0.605
SUBTREATMENT (SUBTREAT) 0.444 0.188 0.313 0.636 0.500 0.521 0.402 0.556 0.001
YRx TREAT 0.461 0.0001 0.469 0.188 0.427 0.287
SEASON X TREAT 0.444 0.174 0.288 0.530 0.785 0.279
YRx SUBTREAT 0.069 0.013 0.042 0.615 0.461 0.771 0.379 0.488 0.488
SEASON X SUBTREAT 0.789 0.829 0.774 0.938 0.419 0.866 0.875 0.563 0.802
SEASON X YR 0.444 0.618 0.216 0.157 0.500 0.487 0.616 0.560 0.934
TREAT X SUBTREAT 0.461 0.403 0.746 0.683 0.288 0.324
YR X TREAT x  SUBTREAT 0.032 0.074 0.031 0.114 0.006 0.012
SEASON x TREAT x SUBTREAT 0.916 0.993 0.930 0.929 0.991 0.994
YRx TREATx SEASON 0.461 0.209 0.294 0.457 0.318 - - - - - - 0.317
YR X SUBTREAT x  SEASON 0.988 0.443 0.324 0.911 0.461 0.836 0.928 0.567 0.806
TREAT X SUBTREAT x  YR x  SEASON 0.999 0.471 0.961 0.963 0.975 0.990
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VARIABLE TAXON
Desmodium spp Diospyros virginiana Elephantopus
tomentosus
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.544 0.094 0.007 0.862 0.500 0.391 0.006 0.300 0.016
SEASON 0.859 0.31 0.584 1.000 0.500 0.577 0.148 0.500 0.193
TREATMENT (TREAT) 0.266 0.029 0.508 0.742 0.711 ------- 0.559
SUBTREATMENT (SUBTREAT) 0.229 0.248 0.066 0.632 0.569 0.181 0.089 0.599 0.519
YRx TREAT 0.047 0.003 0.633 0.392 0.095 0.093
SEASON X TREAT 0.881 0.513 0.250 0.159 0.344 0.378
YR X SUBTREAT 0.107 0.001 0.0001 0.058 0.461 0.127 0.115 0.241 0.638
SEASON X SUBTREAT 0.863 0.788 0.404 1.000 0.419 0.591 0.975 0.790 0.856
SEASON X YR 0.414 0.455 0.149 0.250 0.500 0.082 0.506 0.500 0.831
TREAT X SUBTREAT 0.272 0.016 0.498 0.742 0.812 0.842
YR X TREAT x SUBTREAT 0.044 0.0001 0.008 0.188 0.582 0.889
SEASON X TREAT X SUBTREAT ' 0.982 0.263 0.748 0.599 0.997 0.999
YRx TREATx SEASON 0.522 0.747 0.633 0.673 0.569 0.819
YR X SUBTREAT x SEASON 0.043 0.850 0.504 0.748 0.461 0.292 0.998 0.899 0.983
TREAT X SUBTREAT x YR x SEASON 0.085 0.198 0.981 0.926 0.998 0.996
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VARIABLE TAXON
Eupatorium spp Euphorbia corollata Galium spp
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.013 0.058 0.004 0.443 0.825 0.662 0.108 0.463 0.022
SEASON 0.448 0.323 0.023 0.030 0.500 0.037 0.158 0.295 0.277
TREATMENT (TREAT) 0.984 0.003 0.488 0.239 0.102 0.230
SUBTREATMENT (SUBTREAT) 0.631 0.138 0.390 0.884 0.209 0.967 0.504 0.485 0.971
YRx TREAT 0.728 0.0009 0.384 0.168 0.282 0.537
SEASON X TREAT 0.433 0.011 0.690 0.582 0.519 0.308
YRx SUBTREAT 0.148 0.034 0.042 0.668 0.244 0.675 0.244 0.036 0.594
SEASON X SUBTREAT 0.923 0.829 0.884 0.382 0.252 0.732 0.587 0.859 0.517
SEASON X YR 0.0001 0.336 0.001 0.957 0.782 0.908 0.134 0.624 0.161
TREAT X SUBTREAT 0.392 0.104 0.450 0.416 0.866 0.454
YR X TREAT x  SUBTREAT 0.039 0.172 0.058 0.361 0.999 0.892
SEASON X TREAT x  SUBTREAT 0.929 0.944 0.196 0.176 0.669 0.947
YRx TREAT X SEASON 0.144 0.051 0.404 0.423 0.076 0.084
YR X SUBTREAT x  SEASON 0.326 0.917 0.863 0.614 0.917 0.537 0.794 0.806 0.823
TREAT X SUBTREAT x  YR x  SEASON 0.916 0.998 0.382 0.439 0.953 0.991
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VARIABLE TAXON
Gelsemium sempetyirens Gnaphalium spp Helianthus spp
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.019 0.399 0.029 0.046 0.039 0.052 0.078 0.679 0.319
SEASON 0.373 0.590 0.353 0.846 0.219 0.049 0.935 0.677 0.611
TREATMENT (TREAT) 0.100 0.138 0.622 0.025 0.523 0.508
SUBTREATMENT (SUBTREAT) 0.629 0.542 0.329 0.433 0.963 0.797 0.510 0.619 0.279
YRx TREAT 0.144 0.038 0.810 0.059 0.855 0.931
SEASON X TREAT 0.157 0.165 0.434 0.0002 0.566 0.667
YRx SUBTREAT 0.004 0.119 0.329 0.0001 0.796 0.041 0.992 0.052 0.005
SEASON X SUBTREAT 0.645 0.906 0.849 0.853 0.995 0.885 0.499 0.897 0.406
SEASON X YR 0.155 0.328 0.193 0.741 0.090 0.034 0.961 0.888 0.813
TREAT X SUBTREAT 0.444 0.298 0.745 0.823 0.551 0.780
YR X TREAT x SUBTREAT 0.014 0.013 0.909 0.018 0.030 0.0003
SEASON X TREAT x SUBTREAT 0.312 0.069 0.869 0.968 0.636 0.852
YR X TREAT x SEASON 0.125 0.034 0.296 0.058 0.753 0.959
YR X  SUBTREAT x SEASON 0.842 0.991 0.821 0.847 1.000 0.954 0.946 0.986 0.312
TREAT X  SUBTREAT x YR x SEASON 0.443 0.075 0.984 0.999 0.999 0.944
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VARIABLE TAXON
Heterotheca graminifolia Houstonia procumbens Hypericum spp
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.193 0.855 0.256 0.027 0.097 0.049 0.029 0.016 0.058
SEASON 0.368 0.500 0.445 0.388 0.409 0.794 0.238 0.466 0.310
TREATMENT (TREAT) 0.348 0.408 0.828 0.939 0.387 0.611
SUBTREATMENT (SUBTREAT) 0.662 0.500 0.105 0.337 0.882 0.349 0.794 0.398 0.931
YRxTREAT 0.219 0.291 0.518 0.919 0.190 0.202
SEASON X TREAT 0.611 0.539 0.648 0.056 0.388 ------ 0.236
YR X SUBTREAT 0.091 0.324 0.568 0.007 0.935 0.493 0.165 0.233 0.541
SEASON X  SUBTREAT 0.731 0.790 0.677 0.947 0.965 0,992 0.562 0.788 0.807
SEASON X  YR 0.694 0.500 0296 0.151 0.180 0.032 0.094 0.571 0.141
TREAT X  SUBTREAT 0.888 0.544 0.399 0.271 0.114 0.046
YR X TREAT x SUBTREAT 0.059 0.664 0.031 0.044 0.0005 0.0003
SEASON X TREAT x SUBTREAT 0.948 0.878 0.920 0.980 0.754 0.761
YR X TREAT x SEASON 0.411 0.615 0.067 ------ 0.053 0.900 0.627
YR X SUBTREAT x SEASON 0.920 0.435 0.440 0.910 0.989 0.984 0.897 0.352 0.859
TREAT X SUBTREAT x YR x SEASON 0.994 0.966 0.925 0.917 0.569 0.479
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VARIABLE TAXON
Ilex spp Lespedeza spp Liatris spp
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.014 0.198 0.026 0.055 0.068 0.049 0.486 0.109 0.353
SEASON 0.386 0.751 0.465 0.582 0.572 0.086 0.577 0.162 0.170
TREATMENT (TREAT) 0.228 0.290 0.272 0.0009 0.415 0.568
SUBTREATMENT (SUBTREAT) 0.393 0.179 0.529 0.280 0.122 0.026 0.535 0.348 0.444
YRx TREAT 0.950 0.624 0.934 0.172 0.632 0.633
SEASON X TREAT 0.317 0.274 0.553 0.181 0.514 0.265
YRx SUBTREAT 0.123 0.217 0.549 0.657 0.279 0.160 0.079 0.096 0.040
SEASON X SUBTREAT 0.961 0.480 0.772 0.676 0.751 0.286 0.795 0.187 0.411
SEASON X YR 0.850 0.445 0.858 0.476 0.291 0.020 0.432 0.185 0.266
TREAT X SUBTREAT 0.463 0.506 0.298 0.070 0.673 0.542
YR X TREAT x  SUBTREAT 0.984 0.948 0.155 0.004 0.036 0.248
SEASON X TREAT x  SUBTREAT 0.673 0.432 0.332 0.628 0.660 0.568
YRx TREAT X SEASON 0.783 0.741 0.255 0.001 0.510 0.634
YR X SUBTREAT x  SEASON 0.513 0.561 0.604 0.681 0.166 0.023 0.848 0.056 0.828
TREAT X SUBTREAT x  YR x  SEASON 0.839 0.727 0.756 0.002 0.985 0.976
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VARIABLE TAXON
Ligustrum sinense Liquidambar styraciflua Lobelia puberula
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.032 ...................... 0.437 0.091 0.567 0.163 0.484 0.237
SEASON 0.082 ...................... 0.008 0.205 0.094 0.230 0.447 0.467
TREATMENT (TREAT) 0.397 ..................... 0.799 0.793 0.518 0.567
SUBTREATMENT (SUBTREAT) 0.406 ...................... 0.736 0.865 0.594 0.873 0.528 0.401
YRx TREAT 0.192 ..................... 0.356 0.464 0.558 0.531
SEASON X TREAT 0.814 ...................... 0.766 0.682 0.385 0.269
YRxSUBTREAT 0.004 ...................... 0.017 0.783 0.198 0.688 0.085 0.822
SEASON X SUBTREAT 0.169 ...................... 0.599 0.808 0.165 0.651 0.967 0.282
SEASON X YR 0.370 ..................... 0.659 0.352 0.041 0.376 0.419 0.677
TREAT X SUBTREAT 0.268 ...................... 0.423 0.359 0.585 0.298
YR X TREAT x SUBTREAT 0.002 ...................... 0.159 0.789 0.024 0.039
SEASON X TREAT x  SUBTREAT 0.568 ...................... 0.530 0.602 0.787 0.576
YRx TREATX SEASON 0.402 ...................... 0.784 0.402 0.493 0.260
YR X SUBTREAT x  SEASON 0.719 ...................... 0.996 0.482 0.346 0.977 0.998 0.629
TREATX SUBTREATx YRx SEASON 0.711 ...................... 0.857 0.658 0.920 0.844
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VARIABLE TAXON
Lygodium japonicum MUchella repens Myrica spp
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.006 0.300 0.016 0.008 0.001 0.028 0.011 0.088 0.013
SEASON 0.148 0.500 0.193 0.415 0.100 0.370 0.253 0.500 0.496
TREATMENT (TREAT) 0.711 0.559 0.194 0.138 0.388 0.342
SUBTREATMENT (SUBTREAT) 0.089 0.599 0.519 0.851 0.500 0.523 0.084 0.279 0.793
YR X TREAT 0.095 0.093 0.479 0.133 0.848 0.959
SEASON X  TREAT 0.344 0.378 0.284 ------ 0.343 0.464 0.084
YRx SUBTREAT 0.115 0.241 0.638 0.006 0.096 0.358 0.646 0.576 0.590
SEASON X  SUBTREAT 0.975 0.790 0.856 0.603 0.873 0.725 0.476 0.223 0.811
SEASON X  YR 0.506 0.500 0.830 0.030 0.500 0.155 0.784 0.500 0.879
TREAT X  SUBTREAT 0.812 0.842 0.199 0.589 0.099 0.057
YR X  TREAT x SUBTREAT 0.582 0.889 0.239 0.766 0.487 0.714
SEASON X  TREAT x SUBTREAT 0.996 0.999 0.928 0.877 0.468 0.979
YRx TREATX SEASON 0.569 0.819 0.182 0.228 0.372 0.568
YR X  SUBTREAT x SEASON 0.998 0.899 0.983 0.947 0.987 0.814 0.919 0.613 0.975
TREAT X SUBTREAT x  YR x  SEASON 0.998 0.996 0.700 0.832 0.996 0.998
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VARIABLE TAXON
Oxalis spp Panicum spp Parthenocissus quinquefoUa
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.034 0.698 0.401 0.108 0.344 0.144 0.183 0.390 0.354
SEASON 0.046 0.607 0.197 0.239 0.137 0.107 0.232 0.258 0.291
TREATMENT (TREAT) 0.649 0.254 0.736 0.189 0.785 0.335
SUBTREATMENT (SUBTREAT) 0.370 0.229 0.096 0.377 0.345 0.096 0.952 0.192 0.950
YR X TREAT 0.736 0.929 0.148 0.093 0.923 0.506
SEASON X TREAT 0.827 0.975 0.397 0.234 0.591 0.297
YR X SUBTREAT 0.002 0.802 0.219 0.0001 0.011 0.0003 0.895 0.248 0.499
SEASON X SUBTREAT 0.336 0.513 0.473 0.162 0.878 0.179 0.359 0.634 0.803
SEASON X YR 0.019 0.434 0.035 0.043 0.187 0.010 0.094 0.513 0.367
TREAT X SUBTREAT 0.211 0.268 0.030 0.519 0.121 0.759
YR X TREAT x SUBTREAT 0.059 0.414 0.015 0.080 0.095 0.031
SEASON X TREAT x SUBTREAT 0.684 0.828 0.784 0.869 0.164 0.573
YRx TREAT X SEASON 0.986 0.038 0.355 0.459 0.705 0.612
YR X SUBTREAT x SEASON 0.451 0.875 0.629 0.159 0.989 0.381 0.847 0.678 0.873
TREAT X SUBTREAT x YR x SEASON 0.809 0.966 0.804 0.868 0.549 0.871
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VARIABLE TAXON
Pinus spp Poaceae Polygala nana
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.075 0.491 0.126 0.047 0.232 0.171 0.009 0.152 0.016
SEASON 0.153 0.049 0.259 0.538 0.345 0.189 0.259 0.489 0.469
TREATMENT (TREAT) 0.235 0.149 0.674 0.151 0.573 0.131
SUBTREATMENT (SUBTREAT) 0.590 0.039 0.067 0.665 0.809 0.310 0.518 0.209 0.278
YRx TREAT 0.982 0.608 0.760 0.025 0.028 0.014
SEASON X TREAT 0.509 0.377 0.373 0.153 0.173 0.312
YR X SUBTREAT 0.241 0.125 0.353 0.419 0.014 0.0006 0.647 0.027 0.280
SEASON X SUBTREAT 0.759 0.505 0.389 0.354 0.664 0.359 0.632 0.854 0.238
SEASON X YR 0.124 0.295 0.320 0.613 0.471 0.230 0.409 0.005 0.337
TREAT X SUBTREAT 0.009 0.033 0.278 0.016 0.300 0.087
YR X TREAT x SUBTREAT 0.006 0.021 0.131 0.0005 0.686 0.008
SEASON X TREAT x SUBTREAT 0.902 0.794 0.714 0.603 0.850 0.711
YRx TREAT X SEASON 0.509 0.086 0.354 0.313 0.545 0.483
YR X SUBTREAT x SEASON 0.913 0.798 0.664 0.399 0.689 0.200 0.127 0.592 0.031
TREAT X SUBTREAT x  YR x  SEASON 0.994 0.968 0.817 0.314 0.478 0.409
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VARIABLE TAXON
Prunus serotina Pycnanthemum muticum Quercus spp
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.042 0.500 0.129 0.118 0.480 0.145 0.299 0.727 0.883
SEASON 0.020 0.500 0.069 0.961 0.436 0.314 1.000 0.466 0.265
TREATMENT (TREAT) 0.129 0.647 0.676 0.769 0.705 0.947
SUBTREATMENT (SUBTREAT) 0.712 0.610 0.558 0.256 0.509 0.613 0.610 0.255 0.121
YR X TREAT 0.734 0.303 0.538 0.879 0.063 0.030
SEASON X TREAT 0.826 0.134 0.167 0.223 0.160 0.210
YRx SUBTREAT 0.196 0.461 0.489 0.251 0.200 0.311 0.010 0.753 0.520
SEASON X  SUBTREAT 0.452 0.419 0.272 0.952 0.854 0.523 0.813 0.509 0.124
SEASON xYR 0.013 0.500 0.035 0.807 0.544 0.411 0.087 0.519 0.399
TREAT X  SUBTREAT 0.006 ......... 0.205 0.296 0.373 0.186 0.149
YR X  TREAT x  SUBTREAT 0.012 0.083 0.003 0.019 0.0004 0.385
SEASON X  TREAT x  SUBTREAT 0.738 0.946 0.921 0.786 0.578 0.215
YRx TREAT X SEASON 0.417 0.735 0.371 0.288 0.952 0.269
YR X SUBTREAT x SEASON 0.994 0.461 0.896 0.987 0.660 0.441 0.316 0.558 0.364
TREAT X SUBTREAT x  YR x  SEASON 0.909 0.976 0.952 0.555 0.152 0.146
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VARIABLE
YEAR (YR)
SEASON
TREATMENT (TREAT)
SUBTREATMENT (SUBTREAT)
YRx TREAT
SEASON X TREAT
YRx SUBTREAT
SEASON X SUBTREAT
SEASON xYR
TREAT X SUBTREAT
YR X TREAT x SUBTREAT
SEASON X TREAT x SUBTREAT
YRx TREAT X SEASON
YR X SUBTREAT x SEASON
TREAT X SUBTREAT x YR x SEASON
Rhits copallina
model
0.439 0.039 0.102
0.635 0.500 0.875
0.197   0.211
0.412 0.635 0.494
0.214   0.422
0.878   0.475
0.022 0.048 0.441
0.848 0.913 0.700
0.722 0.232 0.826
0.402 0.383
0.019   0.0007
0.553 0.352
0.815 0.865
0.779 0.277 0.861
0.625   0.477
TAXON
Rhus spp
model
0.018 0.093 0.028
0.423 0.500 0.732
0.029   0.006
0.522 0.129 0.505
0.619   0.341
0.288 0.651
0.773 0.015 0.325
0.668 0.684 0.483
0.627 0.031 0.238
0.672 0.478
0.052 0.028
0.345 0.312
0.907 0.805
0.457 0.908 0.592
0.650   0.682
Rubus spp
model
0.002 0.094 0.0003
0.045 0.212 0.085
0.003 0.124
0.041 0.736 0.050
0.375 0.001
0.019 0.053
0.022 0.439 0.003
0.870 0.983 0.958
0.089 0.174 0.068
0.188   0.410
0.277 0.745
0.986   0.937
0.266   0.707
0.343 0.991 0.582
0.998   0.954
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VARIABLE TAXON
Sassafi'os albidum Smilax spp SoUdago spp
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.299 0.075 0.121 0.042 0.139 0.046 0.190 0.131 0.008
SEASON 0.118 0.205 0.796 0.411 0.330 0.496 0.035 0.542 0.254
TREATMENT (TREAT) 0.586 0.508 0.359 0.137 0.607 0.015
SUBTREATMENT (SUBTREAT) 0.771 0.157 0.583 0.429 0.003 0.325 0.585 0.215 0.653
YR X TREAT 0.446 0.248 0.825 0.749 0.721 0.002
SEASON X TREAT 0.029 0.042 0.760 0.987 0.932 0.155
YRx SUBTREAT 0.141 0.319 0.816 0.0008 0.075 0.017 0.114 0.002 0.320
SEASON X SUBTREAT 0.509 0.567 0.953 0.761 0.742 0.705 0.985 0.909 0.894
SEASON X YR 0.936 1.000 0.502 0.455 0.840 0.389 0.273 0.997 0.839
TREAT X SUBTREAT 0.485 0.114 0.155 0.149 0.366 0.722
YR X TREAT x  SUBTREAT 0.639 0.106 0.006 0.029 0.023 0.021
SEASON X TREAT x  SUBTREAT 0.380 0.313 0.819 0.809 0.989 0.996
YRx TREAT X SEASON 0.176 0.627 0.876 0.979 0.609 0.988
YR X SUBTREAT x  SEASON 0.422 0.883 0.975 0.661 0.944 0.474 0.993 0.998 0.959
TREAT X SUBTREAT x  YR x  SEASON 0.850 0.941 0.666 0.753 0.998 0.996
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VARIABLE TAXON
Stylosanthes biflora Tephrosia spp Tragia cordata
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.829 0.526 0.792 0.429 0.522 0.302 0.003 0.010 0.005
SEASON 0.392 0.561 0.427 0.579 0.058 0.056 0.012 0.500 0.072
TREATMENT (TREAT) 0.320 0.304 0.253 0.350 0.863 0.905
SUBTREATMENT (SUBTREAT) 0.609 0.478 0.467 0.652 0.429 0.985 0.767 0.194 0.203
YR X TREAT 0.836 0.602 0.308 0.432 0.964 0.932
SEASON X TREAT 0.396 0.477 0.241 0.061 0.963 - - - - - - 0.986
YRx SUBTREAT 0.405 0.585 0.490 0.104 0.038 0.719 0.005 0.069 0.195
SEASON X SUBTREAT 0.238 0.995 0.232 0.924 0.024 0.445 0.687 0.926 0.905
SEASON X YR 0.286 0.621 0.304 0.079 0.071 0.181 0.243 0.184 0.459
TREAT X SUBTREAT 0.882 0.656 0.432 0.378 0.802 0.906
YR X TREAT x SUBTREAT 0.663 0.628 0.415 0.214 0.674 0.864
SEASON X TREAT x SUBTREAT 0.561 0.705 0.964 0.727 0.854 0.802
YR X TREAT x SEASON 0.661 0.566 0.284 0,052 0.809 0.709
YR X SUBTREAT x SEASON 0.226 0.742 0.403 0.787 0.025 0.383 0.432 0.922 0.668
TREAT X SUBTREAT x YR x SEASON 0.712 0.404 0.803 0.657 0.945 0.924
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VARIABLE TAXON
Vaccinium spp Viola spp Vitis spp
model model model
1 2 3 1 2 3 1 2 3
YEAR (YR) 0.021 0.266 0.040 0.037 0.410 0.076 0.012 0.304 0.031
SEASON 0.412 0.500 0.557 0.207 0.839 0.415 0.409 0.126 0.335
TREATMENT (TREAT) 0.198 0.306 0.614 0.257 0.996 0.754
SUBTREATMENT (SUBTREAT) 0.663 0.479 0.525 0.497 0.496 0.282 0.269 0.516 0.121
YRx TREAT 0.664 0.497 0.792 0.285 0.939 0.994
SEASON X TREAT 0.459 0.586 0.146 -------- 0.314 0.739 0.971
YRx SUBTREAT 0.514 0.117 0.558 0.292 0.092 0.005 0.122 0.685 0.296
SEASON X SUBTREAT 0.952 0.839 0.699 0.900 0.971 0.717 0.408 0.954 0.296
SEASON X YR 0.351 0.435 0.472 0.729 0.476 0.095 0.052 0.800 0.355
TREAT X SUBTREAT 0.719 0.622 0.483 0.312 0.752 - - - - - - 0.954
YR X TREAT x SUBTREAT 0.005 0.002 0.036 0.004 0.303 0.782
SEASON X TREAT x SUBTREAT 0.881 0.718 0.999 0.983 0.752 0.561
YR X TREAT x SEASON 0.322 0.421 0.739 0.309 0.280 0.343
YR X SUBTREAT x SEASON 0.915 0.992 0.846 0.972 0.993 0.826 0.962 0.891 0.889
TREAT X SUBTREAT x YR x SEASON 0.972 0.914 0.999 0.949 0.924 0.876
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APPENDIX E
RESULTS OF ANALYSIS OF VARIANCE (F-TEST), ON SELECTED TAXA TO DETERMINE THE STATISTICAL 
SIGNIFICANCE BETWEEN TAXA ON THE BURN-HISTORY AND NO-BURN-HISTORY PLOTS. SIGNIFICANCE LEVELS, 
BASED ON AN “F VALUE” LESS THAN .05 ARE INDICATED IN BOLD TYPE. UNDERSTORY PLANT SUCCESSION STUDY,
LSU LEE MEMORIAL FOREST, WASHINGTON PARISH, LOUISIANA, 1992-1994.
8
3.
3 "
CD
CD■D
O
Q .
C
a
o3
"O
o
CD
Q .
■D
CD
C /)
o'
3
ON
On
TAXON VARIABLE OF INTEREST
BURN BURNX
TREATMENT
BURNX
YEAR
BURNX 
TREATMENT X 
YEAR
Acer rubrum 0.132 0.036 0.048 0.067
Acalypha virginica 0.640 0.628 0.812 0.863
Andropogon spp 0.587 0.711 0.884 0.582
Aristolochia serpentaria 0.197 0.065 0.121 0.114
Aronia arbutifoUa 0.412 0.680 0.126 0.663
Aster spp 0.631 0.706 0.392 0.758
Callicarpa americana 0.666 0.709 0.334 0.947
Carya tomentosa 0.685 0.709 0.774 0.876
Cassia fasciculata 0.614 0.844 0.369 0.593
Ceanothus americanm 0.665 0.786 0.774 0.876
Cornus florida 0.604 0.855 0.429 0.969
Cyperus spp 0.554 0.664 0.576 0.756
Desmodium spp 0.552 0.532 0.203 0.482
Diospyros virginiana 0.752 0.683 0.459 0.384
Elephantopus tomentosus 0.888 0.142 0.377 0.0001
Eupatorium spp 0.538 0.632 0.053 0.991
Euphorbia coroUata 0.702 0.764 0.786 0.915
Gelsemium sempervirens 0.419 0.636 0.0001 0.0013
(Appendix con’d.)
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TAXON VARIABLE OF INTEREST
Galium spp
BURN BURNX
TREATMENT
BURNX
YEAR
BURNX 
TREATMENT X 
YEAR
0.741 0.908 0.951 0.999
Gnaphalium spp. 0.442 0.802 0.173 0.858
Helianthus spp 0.633 0.812 0.862 0.929
Heterotheca graminifolia 0.672 0.781 0.667 0.907
Houstonia procumbens 0.360 0.699 0.001 0.990
Hypericum spp 0.263 0.644 0.332 0.950
Ilex spp 0.339 0.259 0.008 0.002
Lespedeza spp 0.560 0.949 0.247 0.851
Liatris spp 0.664 0.782 0.657 0.932
Ligustrum spp 0.796 0.386 0.781 0.045
Liquidambar styraciflua 0.782 0.911 0.159 0.143
Lobelia puberula 0.624 0.468 0.211 0.444
Lygodium japonicum 0.888 0.142 0.377 0.0001
Mitchella repens 0.066 0.021 0.0001 0.0001
Myrica spp 0.612 0.708 0.669 0.463
Oxalis spp 0.659 0.801 0.977 0.841
Panicum spp 0.369 0.532 0.076 0.502
Parthenocissus quinquefolia 0.893 0.678 o.ooos 0.008
Pinus spp 0.373 0.990 0.057 0.937
Poaceae 0.631 0.804 0.729 0.937
Polygala nana 0.621 0.999 0.489 0.109
Prunus serotina 0.737 0.548 0.514 0.844
Pycnanthemus muticum 0.665 0.815 0.794 0.901
Quercus spp 0.279 0.087 0.015 0.009
(Appendix con’d.)
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TAXON VARIABLE OF INTEREST
/îAmj copallina
BURN BURNX
TREATMENT
BURNX
YEAR
BURNX 
TREATMENT X 
YEAR
0.669 0.708 0.379 0.460
Rhus spp 0.477 0.512 0.005 0.809
Rubusspp 0.105 0.663 0.0001 0.719
Sassafras albidum 0.918 0.108 0.580 0.656
Smilax spp 0.557 0.361 0.0025 0.987
Solidago spp 0.662 0.773 0.709 0.905
Stylosanthes biflora 0.608 0.698 0.834 0.936
Tephrosia spp 0.688 0.748 0.521 0.852
Tragia cordata 0.432 0.929 0.103 0.761
Vaccinium spp 0.689 0.779 0.041 0.025
Viola spp 0.644 0.639 0.138 0.194
Vitis spp 0.278 0.931 0.008 0.011
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